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ENGINEERING AND DESIGN 

DESIGN OF STRUCTURES TO RESIST THE EFFECTS OF ATOMIC WEAPONS 
SINGLE-STORY FRAME BUILDINGS 

INTRODUCTION 

7-01 PURPOSE AND SCOPE. This manual is one in a series issued for the 
guidance of engineers engaged in the design of permanent type military 
structures required to resist the effects of atomic weapons. It is appli- 
cable to all Corps of Engineers activities and installations responsible 
for the design of military construction. 

The material is based on the results of full-scale atomic tests anrf 
analytical studies. The problem of designing structvires to resist the ef- 
fects of atomic weapons is new and the methods of solution are still in the 
development stage. Continuing studies are in progress and supplemental 
material will be published as it is developed. 

The methods and procedures were developed through the collaboration 
of many consultants and specialists. Much of the basic analytical work /as 

done by the engineering firm of Ammann and 'Whitney, New York City, under 

contract with the Chief of Engineers. The Massachusetts Institute of Tech- 
nology was responsible, under another contract with the Chief of Engineers, 

A 

for the compilation of material and for the further study and development 
of design methods and procedures. 

It is requested that any errors and deficiencies noted and any sug- 
gestions for improvement be transmitted to HQDA (DAEN-MCE-D) 

WASH DC 20311^. 

7-02 REFERENCES. Pfeinuals - Corps of Engineers - Engineering and Design, 
containing interrelated subject matter are listed as follows: 

DESIGN OF STRUCTURES TO RESIST TEffi EFFECTS 
OF ATOMIC WEAPONS 

EM 1110-345-413 Weapons Effects Data 

EM 1110-345-414 Strength of Materials and Structural Elements 
EM 1110-345-415 Principles of Dynamic Analysis and Design 
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EM 1110-3^5-^16 
EM 1110-345-^17 
EM 1110-345-418 
EM 1110-345-419 
EM 1110-345-420 
EM 1110-345-421 


Structural Elements Sutjected to Dynamic Loads 

Single-Story Frame Buildings 

Multi-Story Frame Buildings 

Shear Wall Structures 

Arches and Domes 

Buried and Semi-Buried Structures 


Q-* References to Material in Other Manixals of This Series. In tl 
text of this manual references are made to paragraphs^ figures^ equatioi 
and tables in the other manuals of this series in accordance with the 
number designations as they appear in these manuals. The first part of 
designation which precedes either a dash^ or a decimal pointy identifies 
particular manml in the series as shown in the table following. 


EM 

paragraph 

figure 

equation 

1110-345-413 

3- 

3. 

(3. ) 

1110-345-414 

4 - 

4 . 

) 

1110-345-415 

5 - 

5. 

(5. ) 

1110-345-416 

6 - 

6. 

(6. ) 

1110-345-417 

7 - 

7. 

(7. ) 

1110-345-418 

8- 

8. 

(8. ) 

1110-345-419 

9- 

9- 

(9. ) 

1110-345-420 

10- 

10. 

(10. ) 

1110-345-421 

11- 

11. 

(11. ) 


b. List of Symbols. Definitions of the symbols used throughout t] 
manual series are given in a list following the table of contents in EM 
1110-345-413 through EM 1110-345-4l6. 

7-03 RESCISSIONS. (Draft) EM 1110-345-417 (Part XXIII - The Design of 
Structures to Resist the Effects of Atomic Weapons, Chapter 7 - Single- 
Story Frame Buildings ) . 

7-04 GENERAL. This manual presents four niunerical exeunples illustrating 
design procedures and principles given in EM 1110-345-413 through -4l6. 
The examples presented are as follows: 

(1) The design of a one-story steel frame building, plastic deforms 
tion permitted. 

(2) The design of a one-story steel frame building, elastic behavic 

(3) The design of a one-story reinforced concrete frame building, 
plastic deformation permitted. 

(4) The design of a one-story reinforced concrete frame building, 
elastic and elasto-plastic behavior. 
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Before ill-ustrating the design of buildings to resist blast loads it 
is desirable to describe the behavior of the elements of a building frame 
subjected to blast loads. Accordingly, the first part of this manual is 
devoted to a description of the response of single-story frame buildings to 
vertical and lateral blast loads. In the general discussion of frames, it 
is assmed that the exterior vails are framed vertically betveen the founda- 
tion and the roof so that the columns are loaded laterally only at the top 
of the frame and are not subject to direct lateral loads such as to cause 
them to resist these loads by beam action. Columns subjected to directly 
applied lateral loads are discussed briefly in paragraph 7-12. 

7-05 BEHAVIOR OF SINGLE-STOEY FRAMES. Single-story frame buildings sub- 
jected to lateral blast boards suffer a lateral deflection which is deter- 
mined by the mass, stiffness, and strength of the structure, the variation 
of loading with time, the distribution of load on the structure and the dy- 
namic behavior of the walls and roof. The lateral loads on all walls are 
transmitted to the roof and the foundations by vertical framing and are 
carried laterally by the roof slab or roof lateral bracing to the girders 
of the frame which in turn transmit the load to the columns. The columns 
carry the lateral loads to the foundation where the reactions are provided 
by friction and passive pressure forces. The lateral blast loads on the 
walls are transmitted to the frame girders by either a lateral truss system 
spanning between frames, or by the roof slab acting as a deep lateral beam. 

The resistance of a building frame to lateral loads is a function of 
the stiffness of the frame columns to relative displacement of the roof and 
the foundation. The equivalent ^ 
single-degree-of-freedom dynamic p‘~“ 

system for the single- story frame he 

is a concentrated mass supported 
by a massless spring having the 

lateral resistance properties of 7 2. Single-story frame and equivalent 

the columns (fig. 7-l)- The he- dynamic system 

havior of coliimns in a frame, and the procedure for designing the columns 
in single-story buildings, are discussed in paragraphs 7-06 to 7-10. The 
design of roof girders is covered in paragraph 7-11* 
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SBDEAR AND MOMENT RESISTANCE OF COLUMNS. Each column resists th< 


eral motion of the frame through the action of shear forces and hendii 


moments in the columns as indicated in figure The shear resista] 



in terms of the column bending 


moments and the axial load is 


Figure 7.2. Shear resistance and 
bending moments in a column 
subjected to lateral displace-' 
ment and vertical load 


Hj, +Mg - Ex 


(elastic range, 


-fM^ - Px 


(plastic range' 


where h is the clear height of the column as in figure 7«1» the € 

c 


range the effect of joint rotation should be included. Thus^ using s] 


deflection equations where 6* and 0 are joint rotations at bottom and 

JD 1 


of the column^ respectively, the moments are 






M {' 

^ V 


20 ^ + Orr, 

i B T 


In the plastic range the top and bottom moments are assumed to b 


equal to a maximum moment so that 


R = R 


2M^- 


The value of to be used in equation (7-3) is a variable depen< 
upon the direct stress. The effect of direct stress is discussed in p^ 
graphs h-OTy 4- 11b, and 7 -O 7 . If there is no direct stress, can be 
placed by giving 


In equations (7-l) and (7-3)^ R is a function of M, P, x, and 


or h^. In a given design two of the four factors are known; h and I 


are constants and P is of known variation with time. The remaining t 


terms are related; i.e., for a given column, M is a function of x a 


4 


7-o6 

) 

lat- 

r 

> 

e 

(7.1) 

7.1a) 
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pe- 

:op 

. 2 ) 

■ 3) 
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so that the variation of M and then R may he determined from the varia- 
tion of X and P . 

For a frame with infinitely rigid girders, in the elastic range, the 
relationship between M and x in any coliimn is obtained from equa- 
tion ( 7 . 2 ) by setting ©tj = = 0- 


M = = Mg 


6eIx 


(7-4) 


With infinitely rigid girders in the elastic range equation ( 7 .I) becomes 

2M - Px 12EIX Px 


R = 


( 7 . 5 ) 


Equation (7-5) may be written in the form 


R = kx - 


Px 


( 7 . 6 ) 


from which the equation for k for one column is 

12EI 


k = 


,3 


( 7 . 7 ) 


To obtain the maximum elastic displacement x^ defined by figure J-Sy it is 
necessary to obtain the maximum or plastic resistance R^ and divide by the 
spring constant k . For a complete frame with n columns from equa- 
tion ( 7 . 7 ) 

12EI 


k = n 


( 7 . 8 ) 


and from equation (7.3a), neglecting the entire effect of direct stress, 

2M^ 

TT 


R = n 
m 


so that 


R 

m 

^ = 1“ 
e k 


Mph^ 

6EIh 


(7.10) 


Equations (7*8) and (7*9) apply only when all the columns of the story are 
identical in strength and stiffness. If this condition is not true^ the 
eq.uations are modified as follows: 


k = 


12EZI 


( 7 . 11 ) 
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2Z>Ip 

\=ir~ (7.1; 

where ^ 

SMp = sum of plastic colxmin moments in the story, 

21 = sum of I values for all columns in the story. 

For the case in which the direct stress is considered important, tl 
maximum resistance eq,uation from equation ( 7 . 3 ) becomes 

2 M^n - Px 

h ( 7 .] 

c 

and the maximum elastic displacement from equation ( 7 . 10 ) becomes 

e &EIh " 12EInh w-l 


where is a function of P (par. 7-07). Equation (7-12) should be use 
in numerical analyses vhere the effect of P and x can be introduced. 
For preliminary design purposes wherein it is desirable, in order to 
simplify the computations, to account for the approximate effect of P , 
the design should be based on 


P 


m 


2M^n 

h 


(7.1 


c 

7-07 THE EFFECT OF DIRECT STRESS ON COLUMN RESISTMCE. The value of 
to be used in eqLiiations (7«12) and ( 7 - 13 ) is variable dependent upon the 
direct stress (pars. 4-07 and 4-11 ). The relationship is different for 
steel and reinforced concrete. A reinforced concrete section carrying boi 
direct stress and bending moment has a higher moment -carrying capacity foi 
a limited but important range of axial loads tiian the same section carryir 
only bending moment. However, a structural steel section carrying both 
direct stress and bending moment has a lower moment-carrying capacity than 
the same section carrying only bending moment. 

The limiting elastic deflection when significant axial loads are 
present is determined from eqiiation ( 7 - 13 )^ where is determined from a 
curve of vs prepared as described in paragraphs 4-07 and 4-11 (see 
figs. 4.12 and 4.26). As long as the moment M as determined from equa- 
tion (7.4) and the axial load P together diCtermine a point on the Pp " ^ 


6 


)7 


i) 


7-08 


0 


EM 1110-345-417 
15 Jan 58 


grapii wliicii is inside iiie cwcyBj ilie action of iiie coliinm is elastic^ and 
the M as calculated is used to determine R from equation (7.5). If the 
point determined by the values of P and M lies outside the Pp - 
curve, the action is plastic and the limiting moment is the value of 
corresponding to the axial load P • 

In the preliminary design of reinforced concrete frajnes, it is de- 
sirable to introduce the increased bending strength that results from axial 
stress in the columns. If this effect is neglected, the preliminary design 
is generally very conservative. By introducing the direct stress effect a 
more reasonable column size can be determined. 

For steel columns the effect of direct stress is much less important 
and, in most cases, reasonable results are obtained by neglecting the ef- 
fect of direct stress in the preliminary column design method of this 
manual. Hovever, the effect of direct stress is usually considered in mak- 
ing the numerical analysis which is used to check the preliminary design. 
Column buckling under combined axial load and bending must be prevented in 
order to maintain the lateral resistance of the frame. In many designs the 
column section is determined by buckling considerations. For the buckling 
criteria refer to pajragraph 4-07* 

In the numerical integration method used to check the preliminary de- 
sign results, the more comprehensive procediure involves consideration of 
the individual colimin direct stresses and their effect on the bending re- 
sistance of the individual column. A study has been made to determine 
whether this precision is necessary. In a series of typical problems, the 
variation of resistance was determined on two bases: (l) average direct 
stress equal to the sum of the column loads divided by the sum of the 
colimm areas and (2) direct stress determined separately for each column 
and applied to that column. It has been determined that there is very 
little loss in accuracy if the average direct stress is used. 

7-08 THE EFFECT OF GIRDER FLEXIBILITY ON COLUMN RESISTANCE. In the pre- 
liminary design of the columns, the frame response is determined on the 
basis of the assumption that the joint rotations are negligible. If the 
girders are designed to act in the elastic range (par. 7-Il)^ the error in- 
volved is not large. If all the columns in a story have the same section 
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and are of equal height^ this assumption results in equal moments at tt 
top and bottom of all columns and a linear variation of resistance vitl 
displacement up to the plastic resistance. If the assumption of inf ini 
stiff girders is not made, the resistance-deflection diagram for a give 
frame may be determined by a conventional sidesway analysis. 

Neglecting the flexibility of the girders results in an overestin 
of the energy absorption capacity of the frame, thus resulting in under 
estimates of the displacement of the structure, and the required resist 
of the colijmns. Any procedure which reduces the required resistance to 
value below that needed by the more exact procedure is unconservative, 
is not desirable to incorporate the flexibility effects into the prelim 
nary design procedure. The designs obtained by the preliminary design 
method should be recognized as being slightly unconservative and allowa 
should be made for this difference by the designer. It is desirable to 
elude this flexibility effect when the preliminary design is checked by 
numerical integration procedure. 

The recommended procedure for approximating the effect of girder 
flexibility for use in the nimaerical integration analysis of single-sto: 
structures is described below. Figure 7*3 presents the form of the 



Figure 7.3. Effect of 
girder flexibility on 
resistance-deflection 
diagram of multibay 
frames 


resistance-deflection diagram for a typical mul 
column frame subject to lateral load only. LiU' 
represents the resistance for infinite girder 
stiffness. With infinite girder stiffness^ pla; 
hinges would develop simultaneously at both endi 
all columns. If the actual girder flexibility ; 
considered, the hinges would be found to develo] 
successively as indicated by line B. The recom- 
mended resistance diagram is line C, an extensic 
of the initial slope of line B to the intersect: 


with the line of maximum resistance. The shaded area represents the eri 


introduced. Use of line C will result in the calculated deflections be: 


smaller than the true deflection. However, the error involved is genere 
very small. To obtain the effective spring constant k for girder fle:> 
bility, it is necessary to determine the slope of line C. This can be 
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determined by imposing an arbitrary lateral deflection upon the frame 
calculating the resistance corresponding to this deflection. The ratio of 
the resistance to the displacement is k = r/x. Paragraph 7-26 illustrates 
the simple elastic frame analysis that is needed for this determination. 

7-09 EFFECT OF lATERAX DEFLECTION ON COIUMN RESISTANCE. From eqmtion 
(7*l) it my be seen that the resistance is subject to reduction by the 
combined effect of the lateral deflection and the axial column loads. In 
single-story frames this effect is smll and is neglected in the prelimi- 
nary design procedures, but it is included in the final numerical analysis. 
7-10 DESIGN OF COLUMNS. A general preliminary design procedure for plastic 
behavior is presented in paragraph 6-11 and for elastic behavior in para- 
graph 6-12. Details peculiar to application of these methods to single- 
story column designs axe explained below and illustrated in paragraphs 7-24 
and 7-34 for steel frames, and paragraphs 7-42 and 7-50 for reinforced con- 
crete frames. The loading, used in the preliminary column design is the 
net lateral blast load as computed from procedures in paragraph 3-09^ 
neglecting the effect of dynamic response of wall panels and other inter- 
vending structural elements. The dynamic effects of the mss and structural 
properties of the walls are accounted for in the final check of the colimm 
section by using the dynamic reactions to the front and rear walls in the 
numerical integration. The eq.uivalent mss concentrated at the top of the 
column is given by 

m = total roof mss + 1/3 column mss + 1/3 wall mss 

In the preliminary design of steel colimms the frame girders are as- 
sumed to be perfectly rigid, and the axial load in the colvmins is neglected 
so that the required moments, the spring constant, and the limiting elastic 
deflection of the columns can be obtained from equations (7-8) and (7.10). 



= The cross section required to provide the plastic bending moment resistance 
Mp is determined from data in paxagraph 4-07 for steel colxmins. 

The preliminaxy design proced\u*e for reinforced concrete columns is 
different from that for steel because allowances axe ma/ie for the effect of 
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direct stress on the bending resistance of the col-umn. After solving : 
the required from equation ( 7 . 14 ), it is necessary to determine the 
dimensions of the cross section. Since is a function of P (par. ^ 
it is necessary to use the time average of the total axial load P fo: 
■time interval estimated to be tbe plastic phase* 

Using eqioations from paragraph 4 -llb for eccentrically loaded co! 
a cross section is selected vhich will provide the necessary at the 
age P . 

Having detenmined the necessary cross section^ the next step is • 

o 

compute k and x^. For both steel and concrete, k = 12 EIn/h'^. Howevi 

from equation (7-10) ^ 

Mph^ 

^e = Best 

c 

3 (' 

V 

^e = BehT concrete 
c 

These peireuneters are used in the remainder of the design procedinre wit 
modification by any load or mass factors because the single-story fram' 
considered to be directly replaceable by a single-degree system. The ; 
liminary design is then completed in accordance with the steps of eith 
paragraph 6-11 or paragraph 6-12. 

After the girder is designed, the preliminary column design is v 
fied by means of a step-by-step numerical integration procedure. It i 
quired tliat the displacement of the top of the column determined by th 
computation be reasonably close to the design displacement determined 
consideration of paragraph 6-26. 

The more exact numerical analysis includes all the factors which 
have been neglected in order to simplify the p)reliminary procedrure. T 
are: the effect of girder flexibility, the effect of vertical load ec 

centricity, the effect of direct stress, and the effect of the dynamic 
response of the wall and roof elements on the lateral and vertical loa 
time curves. As discussed in paragraph 7 - 07 , a simplification is poss 
by using the average column axial loads instead of considering the in 
dividual columns separately. The effect of girder flexibility is 
determined as indicated in paragraph 7 - 08 . Examples of the numerical 


10 


•10 


7-11 


EM 1110-345-417 
15 Jan 58 


- 1 ) 

he 


ms, 

er- 


6 ) 


t 

s 




integration procedure applied to steel colunin designs are presented in 
paragraphs 7-^6 and 7-36, and for reinforced concrete colunns in paragraphs 
7-44 and 7-52- 

7-11 DESIGN OF ROOF GIRDERS* The design of roof girders in building 
frames for blast loads is a difficult problem which is complicated by the 
time v^iation of the lateral and vertical blast loads, and the difference 
in time required for the different girders to reach maximum stress. In 
general, the maximum frame moments due to the vertical loads develop before 
those due to the lateral loads. Conventional static loads must be consid- 
ered in addition to the blast loads. In a building with openings it is 
possible to have internal pressures of such magnitude as to develop net 
upward forces on the roof girders. 

To obtain the maximum lateral stiff- 
ness for the building frame, it is desirable 
that the roof girders in frames be designed 
to act elastically. To simplify design pro- 
cedures, continuous -span beams can be consid- 
ered as single- span elements with restraints 
as indicated in figure 7*4. It is recom- 
mended that single-span frame girders such as A be designed elastically to 
carry vertical loads as simply supported beams. Exterior girders such as B 
should be designed elastically to carry vertical loads as beams fixed at the 
first interior support and pinned at the exterior support. Interior . girders 
such as C should be designed elastically to carry the vertical loads as 
beams fixed at both ends. In order to develop the maximum lateral resist- 
ance of the frame, it is necessary to design the girders so that the plastic 
hinges form in the columns. To insure this behavior, the bending strength 
of the girders at any point must equal the moment at that point due to 
static and dynamic vertical loads, plus the moment due to lateral motion. 

The latter is computed by applying to the girder the full plasti^ hinge 
moments of all the columns simultaneously. This is conservative because it 
assmes that all the maximum moments develop at the same time. 

Consideration of the blast loading on frame girders shows -that the 




^ ^ o ■ P I ° ^ 


Figure 7.4, Single-span support 
assumptions for design of 
frame girders 


front girder is the critical girder in a multibay frame and the critical 
section is at the first interior support. At this section the frame moment 


11 


EM 1110-31^5-^17 
15 Jan 58 

in the girder should he a fraction of the column m£»cimum moment Fc 

2-hay frame use l/2 M^. For a 3-W frame use 2/3 and for a 4-bay 
frame use 5/8 

The design procedure recommended for girders is an elastic desigi 
hased upon psxagraph 6—12 and consists of tiie following steps which arc 
lustrated in paragraphs 7-25^ 7-35^ 7-43> anJ 7-51- In order to perfoi 
these operations, it is necessary to refer freely to other manuals for 
formation; viz., to EM 1110-345-413 for overpressure-time variation on 
roofs, to M 1110-345-414 for the equations governing the plastic momer 
capacity of steel and concrete girders, to EM 1110-345-415 for the elas 
response characteristics of single-degree-of-freedora systems, and to EK 
1110-345-4 i 6 for the factors which define the equivalent single-degree- 
freedom system. 

Step 1. Obtain the vertical load-time cui-ve for the girder from 
dynamic reaction of the roof element which the girder Gupix)rtG. Ideall 
the curve to a form for which dynamic load factors; are aval] able. 

Step 2. Estimate the dynamic load factor for preliminary size 
determination. 

Step 3- Calculate T^, the period of vibration of' the? equivalent 
single-degree-of-freedom system. T^ is a function of' mu'i', m and spri 
constant k . The equations for k are given in EM 1 1 The 

mass to be used is the mass which is considered to move with the girder 
In EM 1110-3i|-5-4l6 consideration is given to beam:.; whlt.:h ii?ive mass vari 
tions that are triangular in spgmwise distribution a:; we 1 1. a:; eoncentra 
at local points. 

Step k. Using T^ and T , the time parameter of the loading, oht 
a new value of dynamic loeid factor from figures 5.20 and 5,21. 

Step 5* With the new dynamic load factor, determine tlie design m 
ment requii^ed for vertical blast loads. Determine the total irK)ment by 
adding the static load moments and the proper fraction of the column 
plastic moment- Select a size to withstand the indicated bending momen 
in accordance with EM 1110-345-4 14 requirements. 

Step 6. Repeat the cycle, computing T^, T/t^, and D.L.F., and ch 
the section for the revised bending moments including the allowances 
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described above lontil satisfactory agreement is realized* 

Step 7“ If tbe loading curve cannot be approximated by the idealized 
shapes used in figures 5*20 and 5*^1 it may be necessary to perform a step- 
by-step numerical integration to check the design for the loading curve* 
7-12 FRAMED wrftt MTERAL LOADS ON TBE COIUMNS* 03iere are certain arrange- 
ments of the structural elements in framed buildings vhich vould require 
that the columns be capable of resisting directly applied transverse loads 
in addition to providing the resistance to lateral motion of the frame. 

This condition is indicated in 
figures 7- 5(a) and (b)* Figure 7- 5(a) 
corresponds to the case of a frame bxiild- 
ing with exterior walls which act as two- 
way panels* Two edges of the panel load 
the columns directly, and the other 
edges transmit load to the roof emd the 
foundation. 13ie portion of the load transmitted to the roof is indicated 
by F(t). The column loading w(t) is assigned to be uniformly distributed. 
Figure 7- 5(h) coinresponds to the case of a frame building with the exterior 
wall framed horizontally. In this case, there is no concentrated load F(t). 
7- 13 liQAES 01^ FRAME STOUCTURES. The orientation of the blast wave with 
any element of a building should be assumed to be that which will produce 
the critical load on that element. The critical load for an exterior wall 
is produced by a blast wave acting perpendicular to the wall. Frames 
should be designed for the load produced by the blast moving parallel to 
the plane of the frame- For roof slabs the critical load is a function of 
two considerations, the location of the element and the direction of the 
blast wave. Paragraph 3 -O 5 shows that the overpressures on the central 
portion of a roof of rectangular plan subjected to a blast wave moving 
normal to the long axis are less than the overpressures at and near the 
ends. For the same roof plan, all roof elements would be subjected to the 
same intensity of overpressure if the direction of the blast wave movement Is 
parallel to the long axis of the building. On the central portions of 
square roofs the overpressures for all orientations of blast wave are less 
than at the edges of the roof. 


F(t) 


^(t)- 




W(t)- 


(a) 


Si. 




(b) 


% 


Figure 7.5, Columns subjected 
to directly applied 
lateral loads 
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Ttie outside dimensions of the structure must be used in computing 
blast loading on the structure. This means that the member sizes must 
assumed initially to obtain the outside dimensions in order to compute 
loads. A l^ge difference betveen the assumed dimensions and final de 
dimensions would require a revision of loads. 

7-1^ FRAMING AEIFAJ^GEIMENTS. In the blast resistant designs of this ma: 
there are no radical departures from conventional framing arrangements 
reinforced concrete frame structures^ the exterior columns are made in 
pendent of the exterior walls and the walls are designed to span verti( 
between the wall footing and the roof slab. This arrangement is desiri 
and most economical because it eliminates the necessity of designing tl 
column to act as a beam spanning between the foundation and the girder 
addition to providing restraint to the lateral motion of the frame. 

7-I5 II^lIIlilNARY DESIGN METHODS. The design of each element of a bui] 
consists of two steps. The first step is the preliminary design of th( 
element using an idealized strai^t line load-time curve and the desigi 
charts presented in EM 1110-3^5-^15 • second step is the numerical 

tegration check of the preliminary design using the calculated load-tin 
data. The following discussion deals with some of the details of the i 
liminary design method. 

Only one mass factor and one load factor may be used in any of tt 
preliminary design methods. Therefore, average values of these factors 
must be obtained for all designs in the plastic range and also for elas 
designs in which there is a bilinear resistance function. In the case 
fixed-end beam designed to allow plastic deformation at midspan, the av 
age of the elasto -plastic and plastic mass and load factors should be u 
to obtain the mass and load factors for use in the preliminary design, 
elastic values of mass and load factors are not used in computing these 
average values since only a small percentage of the total deflection oc 
within the elastic range. 

For a simple beam designed for plastic action, the average of the 
elastic and plastic values of mass and load factors should be used. In 
case of a fixed-end beam designed for plastic action at the support and 
elastic action at the centerline, the average of the elastic and 
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elasto-plastic mass and load factors is used in the preliminary design. In 
general, any reasonable method of obtaining a single set of mass and load 
factors will be satisfactory for use in the preliminary design. 

7 - 16 MMERICAL nroEGE^TION AMLTSIS. The numerical integration analysis 
is a method of checking the preliminary design that takes into account the 
irregularity of the load-time curve, the variation in resistance function, 
and the changes in mass-load factors. In this manual each preliminary de- 
sign is checked by the numerical integration method. In some cases, it may 
be necessary to use the numerical integration method more than once before 
a satisfactory design is obtained. This is particularly true where the 
actual loadL curve is of such a shape that a good approximation to it cannot 
be obtained by a straight line, and also in design of steel where the 
number of available beam sections is limited. An experienced designer may 
judge that a numerical integration check of some designs is imnecessary. A 
numerical integration analysis may be needed in some cases primarily to ob- 
tain the dynamic reactions of the element for use as the load on the sup- 
porting structure. 

The load-time curves used in the numerical integration analysis are 
computed from either the direct -blast -pres sure vs time curve or from the 
dynamic reactions of the supported elements. The dynamic reactions are com- 
puted by the use of the formulas of tables 6.1 to 6 . 6 . Note that, in gen- 
eral, the formulas vary with the 
strain condition of the beam or slab. 

The dynamic reaction curve for an ele- 
ment designed to have some plastic 
action has a form indicated by line A 
in figure 7.6. Line B in figure 7-6 
is the pseudostatic reaction (for a 
simple beam it equals one-half the 
applied load). The time t^ indi- 
cates the first instance after the maximum reaction develops for which the 
dynamic reaction is less than the pseudostatic reaction. 

If the dynamic load on the supporting structures is required for a 
period of time exceeding t^, it is recommended that the load be represented 



Time (sec) 

Figure 7.6. Simplification of dynamic 
reaction curve 
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by line A before and by line B after t^. This sln 5 )lifies the load sh 
in a reasonable manner and reduces the number of tedious steps in the 
numerical integration. 

7“ 17 SUMMARY OF DESIGN EXAMPLES. In this paragraph the results of all 
illustrative design examples which are contained in the remainder of thl 
manual are su m marized to provide a ready reference for preliminaory desl 
of similar elements and buildings. Examples are for incident overpressu 
and duration indicated in figure 7*8. 

Table 7.1. Summary of Design Examples in EM 1110 - 345-417 


R/C wall slab 

17.5 

11 

R/C roof slab 

6.67 

3-: 

Steel purlin 

18.0 

16 

Steel girder 

90.0 

36 

Steel column 


10 

R/C wall slab 

11.67 


r/C roof Glab 

5.33 
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Steel purlin 

18.0 

16 

Steel girder 

20.0 

36 

Steel column 

8.67 

12 

r/C wall Glab 

1.5.83 

10. 

r/C roof clab 

18.0 

7-: 

r/C girder 

20.0 

20 

R/C column 

13.0 

12 

r/C wall Glab 

14.75' 

12- 

r/C roof Glab 

18.0 

9-: 

R/C girder 

16.0 

20 

r/C column 

11.83 

18 


c 

c 

c 
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c 

0.70 

1.3 

1.07 

0.22 

1.0 

18.3 

10.3 
0.6 
0.2 

c 

c 

-plaGtlc 

c 


1.5' 

37.0 

10.8 

0.6' 
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ujadMiSKaijo 'rnis numerical example T.ne aesign 01 one u 

w^less one-sto2ry^ steel, rigid-frame building with plastic defo 
tted (fig. 7 - 7 )• The design overpressure (lO psi from an 18-K 
n) is arbitrarily selected for illustrative purposes. In an a 
the design overpressure would be determined by evaluating a gr 
derations including many nonstructural design considerations, 
le includes only the designs of the major elements of the stru 
ding the roof slab, purlins, wall slab, columns and girders of 
5 and the foundation. 


One -wav reinforced concrete slabs are used for the roof and w 
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The concrete compressive strength 
is specified at 3000 psi and in- 
termediate grade reinforcing 
steel is used. In accordance 
with EM 1110-3^5-^1^^ a uniform 
dynamic increase factor of 1.3 
is used, giving the following 
strength properties for use in 
the design concrete 
f ’ = 3000 psi 
= 3900 psi 
= 3(10) psi 
n = 10 

reinforcing steel 

fy = UO,000 psi 
= 52,000 psi 

The purlins, columns, and girders 
are wide flange structural shapes 
with welded connections. The 
strength properties are speci- 




Figure 7.7. Plan and section of 
steel frame building 


fied in EM 1110-3^^5-^1^*^. 


The structure is to be located upon a compact sand-gravel mixture ex- 
hibiting the following properties (par. 4-15). 

Normal load-bearing capacity = 10 kips/sq ft 
Ultimate load-bearing capacity = 30 kips/sq ft 
Coefficient of friction (soil on soil) = O. 5 O 
Coefficient of friction (concrete on soil) = 0.75 
Unit wei^t of soil = 100 Ib/ft^ 

Normal component of passive pressure coefficient, Kp^ = 10 
Modulus of elasticity, E = 40,000 psi 

It must be emphasized that the primary purposes of this example and 
those that follow are to illustrate the design techniques and philosophy 
presented in the previous manuals. Presentation on this example should not 
be considered a recommendation of the structural system for use in blast- 
resistant buildings. 
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mqTGU PROCEDOBE. In general blast-resistant design procee 
the outside to the inside because the dynamic reactions of the ou 
elements are used for the loading on the suprortlng members. The 

the design procedure are as follows : 

Step 1. Compute the pressure variation;; IVrom which the des 
can be obtained. The following curves ai'e needed in addition to 
roof overpressure curves which axe introduced in laivycraE-ii 7-22: 

( 1 ) Incident overpressure vs time curve (fig. Y.?i) 

( 2 ) Front face overpressure vs time curve (fig. 'f.u] 

( 3 ) Rear face overpressure vs time enrye (l’U% it)) 

( 4 ) Ret lateral overpressure vn time -urve (''if-. Y.il) 

(5) Average roof overpressure v.; f.lme 'urv'' (* oi- i. L’) 

Step 2. Using the procedure of lara^'rai i. • r d.i-.vifpi w 

deformation and a triangular load-time curve I ien . : c.. u the f 

overpressure-time curve make a jire ; imlr'ary ce.-. ; gr; ' m wh; * s lai;. 
the design using the numerical integr-at. he: ; i v ef rarfi^/ruph 

the computed front face overpre;;:;ure-turne in aialy;:;i 

namic reaction of the wall slab at t!.e r- ^ ar. i; are oh 
later use. 

Steps. Design the roof ;;!ai ;y . ,a::< ■ cc-e nc.ed fo 

of the wall slab with a trianguiar oai-^ : c.a g.-.e i !'rora 

cident overpressure-time curve i’ur t,!:f ; c u u'-;.’ . , , a.ud use 

Incident overpressure-time fnirve in ’a 1 'T.-"''!-!- ii ui to 

slab deflection. The dynamic n-aM i’ n.;-' vauv r ect- in t 
design. 

Step 4. Base the j'urlin iv . i ;:u :..a:-,v c .v; ; n ' cami- ide 
load-time curve used in the roof cia: t.lic n 

integration ajaalysis use the kiaii ’ t.a:i,i' ; : , ' : :■ ■ .ai dyn 

action. From the numerical ariaiyc. i c. ; r ■ ;.a'. r. i.bc dec; 

for the girder. 

Step 5- Make a preliminary (ie;;igri ■ ‘ a;;. ■.inning 

to be infinitely rigid and neglect ing l.hc < a>; ifi.: oad on 

column. A triangular load-time curve iu< a : not late 

pressure-time curve is used in the ire nary :■ . ugn. 
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Step 6. Design the frame girders using the procedure of paragraph 

6- 12 for elastic design. In this preliminary design the load-time curve is 
idealized from the variation of purlin c3ynamic reactions. 

Step 7- Check the preliminary column design hy determining the maxi- 
mum lateral deflection of the frame considering the relative flexibility of 
the columns and girders and the effect of axial load on column resistance. 
Use the vail slab dynamic reactions at the roof line for the design lateral 
load on the frame. 

Step 8. Design the foundation. 

7- 20 LOAD DEIIERMIMT^ The computation of the various pressure-time 
curves is explained in detail in EM 1110-3^5-^13. In this example the 
methods are illustrated by presenting the computations for one point on 
each of the curves. The dimensions of the structure used in the load com- 
putations are the outside dimensions of the building vhich are determined 
at this stage of the design by estimating the sizes of the slabs and 
girders (fig. 7-7)* 

a. Incident Overpressure vs Time Curve. Assumptions of the incident 
overpressure and time diuation used in the illustrative examples in this 
manual are given, in figure J. 8 . 

(0.262) = 18^/^ (0.262) = 0.685 sec 

The incident overpressure-time curve (fig. 7-8) is obtained from figure 3'‘^h. 

b. Front Face Overpressure vs Time Curve (Fig. 7»9)> 

= 1290 fps (fig. 3-21) 


refl 

refl 

= 25.3 Psi (fig. 3.20) 


refl 

= 2.23 psi (fig. 3.23) 

Overpressure = Pg + 0.851 


q is obtained using table 3*2. 

For example^ for t = 0.100 sec^ "t/t 


P is obtained using table 3-1* 
s 

0.146 
o 

q = 2.23(0.513) = l.l4 psi (table 3.2) 

Pg = 10.0(0.738) = 7.38 psi (table 3.I) 

+ = 7.38 + 0.85(1.14) = 8.35 psi 

front 

Following the procedure of figijre 3.25, the front face overpressure 
vs time curve may be drawn. 
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Figure 7,8. Incident overpressure vs time curve 
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■aaaaBa BaBBaaaaBB aaBBaBaaaa aaBaBBBaaBBaBaaBBBBB aBBBaaaBaB;' 
laaBaaaaBBBBBBBaBBaBBBBBBaaBBaaBaaBBBBaBBaBBBBaBBBaaaBBBB 
iBaaaaBBBaBBBBBaaBBBBBaBaaaBaBBBBBBBBBBaaaaaBBBBaBBaBBBBr 
laaaBaBBBBBBBBBBBBBaBaaBaBBBBBBBBBBBaBBBaaaBBaBBBBBaaBBBI 
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iiBBBaaBaBBBBBBBBBBBBaBBaBBBBBaBBaBBBBBBBBBBBaBBBaBBBBBI I 

laBaBBBBBBBBBaBaBBBBaaBBaBaaaBaaBBBBBBBBBaaaaaaaBaBBBaBi a 

laaBBBaBaBBBBaBBBBaBBaBBaBaBBBaBBBaBBBaBBBBBBBBaaaBBaBBI « 
laBaBBBBBBBBaBBaBBBBBBaBBBBaBBBBBBBBBBBaaaaaaaaBBBaaBBBt a 
IBBBaaBBBBBBBBBBBBBBBBBaBBaBBBaBBBBBBBaBBaBaaaB BaaBBaBB M 
laBBBaaBBBBBBBBBBBBBBBBBBaaBBaaBBBBBaBBBBBBBBBBBBBBBPBB 4B 
iBaaBBBBBBBBBBBBBBBBaaBaBaBBBBBBBBaaBBBBBaBBBBaaBBBBBBB IB 

IBBaBBBBBaBBBBaBBBBaBBaBaBBBBaaBBBaBBBBBBBBBa BaaBBaBB IB 

laBflaBBaBBBBBBBBaaBaBBaBaBBBBBBBBBBBBBaBBBBBaBaBBBBBI' BB 

liiBBBBBflBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBaBBBBa ■■■■■■■> ■■ 
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BBBBBBBBaaaBBBBB — — — .... 

ii-iiir 


BBBaaBBBBB BBBBBBBBBB BBaBBBBBBB BBBBBI BBBB I 
awa aBBBBBB BaaaBBBBaB BBBBBBaaBB BaaBB’ BBBB I 
■■BaaBBBB BBBBBBBBBB BBBBflBBaaBBBBBB iBBBB I 
^^aBBBBBB BBBBBBBBBB aBBBBBBaaB BBBBB IBBBI I 
■aBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBB laBBI I 
■BaaBBaBBBBBBBBaBBBBaBaBaBBaBBBMf laaB* I 
■ 4 BaaaBaBaaBaBaBBaaBaBaBaBBBBaai.i aaKKa | 
■aBBBBBBBBBBBBBBBBBBBBBBBBBaaBBa BBBBB I 
■BBaBBBBaBBBaBaBBBBBaBBflaBBBBBaB iBBBBB I 
BBBBBBBBBBBBaBBBBBBI IBBBBB I 


BBBBBBBBBBBBI 

aBaaaBBaBBBBi 

BBBBBBBBBBilBI 

BBBBBBBBBBBBI 

BBBBBBBBBBBBI 

BBBBBBBaBBBBI 

aaaBBaBBBBBBi 
BBBBBBBBBBBBI 
BBBflBBaaaaBBi 
aBaBBaaBBBBBi 
BBaaaB aaaBBBi 

BBBBBBBaBBBBI 
BBBBBB BBBBBBI 
BBBBBBBaBBBBI 

HniillilHl 


I iBBBBBBBBBBBBBBBaaaaBai 
I IBBBBBBaBaBaaBBBBaBaBBL 

I laBBaaBBaaaaBBBBBaBaBBB 
I iBBBaBBaaaak.''BBBaaBaaBB 

— 'BBBBBBBBBBBB.^^BBBBBBB 


iBBaBaBaaBaaBBBa 


BBBBB aaaBBBBBBBBBBI 


BBBBaaBBBaaaBBBBBBL, 
BB BBaBBBaaaa bbbbbbiL, 
BB BBBBBBBBBB BBBBBBlI 
BB BBBaBBBaaa BaaaBBil 


I IBBBBBBBBBBaaBBBBBBBBBai 
' IBBBBBBBBBBBBBBBBBBBr' 
laaBBBBB aaBBBBBBBa BBI 


BBBBBBBBBBBBBaBI 

aaBBaap BBaaBBaBi 
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IB BBBBBBBBBB BBBaBBlI 
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IB BBBBBBlI 


laBBBBaBBBBaaBBBBBaBBBBBBBlIBBBai cBBBBB I 

■ aBBBBBBBBBBaBBBaaBBBBaBBBCr aBBBBB I 
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■ — BBBBBBBaBBBBBBBBBB^ BaaBBaBB I 


laaBaBBBBBBBBBaaaBaaBBBaaBBa aBBBaaBBB I 
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^BBBBBBBBaBaBaBBBBaBBBBBBB-* laaBBBaaBB I 
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jBBBBBBBBBBBBBBBBBaBBBBBBBB aaBaBBBBBB I 
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liBiBBBBBBBBBBBBBBBBBBBBB JBMBBBaBaBBBB I 
""^-BBBaBaBaBaaBBBBBBBB' BBrBBBaaBflBBB I 
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Figure 7,9, Front face overpressure vs time curve 






(jsd) ‘ ajnssaid jQAQ aooj joay 


22 





23 


Figure 7JL Net lateral overpressure vs time curve 
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c. Rear Face Overpressijre vs Time Cxorve (Fig. 7.10). 
Length of structijre, L = 43*5 ft 

Uq = 1403 fps (fig. 3*9)> = 1115 fps (par. 3-08a) 

‘d - 


4h’ 4(i6) 


= 0.0573 sec 


At time t^ + t^ = O.O88 sec, using table 3.1^ = 10.0(0.842) 

=8.42 psi 

At time t^ + t^, from figure 3*27b, ^ack^^sh “ 

Therefore, = 0.735(8.42) = 6.20 psi 

For times in excess of t = t^ + t^, the ratio of ^•^ack'^^s given 

Ln figure 3*27b* 

Lateral Overpressure vs Time Curve (Fig> 7»li)« At any time 
^ ^net ” ^front " ^back 

e. Average Roof Overpressure (Fig> For the blast propagation 

iirection normal to the long side of the building^ at time t = = O.O3IO 


= 0.9 + 0.1 


1 - P 


= 0.91 (fig. 3.3^) 


P = 10.0(0.957) = 9-57 psi (table 3.I) 

s 

Therefore, = 0.91(9*57) = 8.7I psi at t = O.O3IO sec 

For times in excess of t = ratio of F^QQ|*/Fg fs as given 


in figure 3.3^* 

7-21 DESIGN OF VALL SIAB. The wall is de- 
signed as a one-way reinforced concrete slab 
spanning from a fixed support at the founda- 
tion to a pinned support at the roof slab. 

The slab is permitted to deform into the 
plastic region by developing plastic hinges 
at the foundation and near midheight. The 
span length of the slab is equal to the clear 
height of the wall. 
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c. First Tfial - Actml Properties. 

^s = ^ 

Assume p = 0.015 (par. 4-10) 

Let ap = 5 (par. 6-26) 

Assume 0^^ = 0.7 (experience) 

R = C„B = 0.7(63.8) = ¥^.7 kips 

HI JK 


^ ^^dy' 


bd 


(l - ] 


= 0.015(52) (l)d" 


(eq. 4.16) 

r 0015^ 

L l-7(i9) 


= 0.688d kip-ft (d in inches) 


m 


= = ^.7, d = 9.73 in. 


Tlry b = 11 in.. 

d = 9.75 in., p = 0 

.015 


“P 

= 0.688(9 

.75)^ = 

65.4 kip-ft 




12Mp 

= __ = 

12(65.4-) 

17.5 

= 44.8 kips ' 

A 

f : 

S 9-75" 


= bh^/12 

= (11)^ 

4 

= 1331 in. 

) ^ 

No. 8 bars 4 cover 

4 

1 

1.25" 

^t 

.m 3[| 

+ p(l - 





= 12(d)^ j 

(0.42)2 
L 3 

■ + 0.015(1 - 0. 42)^1 




= 0.905d^ 

= 0.905(9.75)^ - 839 in.^ 



"a 

= o.5(lg 

^^t^ = 

0.5(1331 +839) = 1085 in 

4 



^ (i6o)3 . (io . )"io85 . ^ 
^ 144(17.5)^ 


R 


y-p 


m 


44.8 


= 0.0664 ft 


'E k^ 

= ap y„ = 5(0.0664) = 0.3320 ft (par. 6-26) 

Xu Xi 

2 

w __ _ 2.4 o 6 ^ kip-sec 

Mass m = = 0.0747 

d. First Trial - Equivalent System Properties. 

R = IC.R = 0.57(44.8) = 25.5 kips (eq. 6.12) 
me ii m 
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-Gee 


(eq 6.2) 

icip-nec'^/ft (eq 6.2) 
t~kl}n (eq 6.10) 

*- 0.058 Sec (eq 6.1 
0a]iaf‘lty. 

’ --e 6.16) 


• in factory since it ag 
7 . 9 } (see par. 5- 

't-kljia (eq 6.I7) 

‘ - 0. 5(0. 0664 )J 

5 are :,:atirfactory as a i 

. It is now necess€ 
vrinVorcing steel for tl 
a:;;. At the fixed end c 
; A rfirif'nt results in a 
.V .S' In. Ilian at midspj 
. ai'eroxirnately the i 
•a. sj* ‘l!oru.; several vali 
t.f) o'stain the val\ 

'M, * 

— is = Mp = 65.4 1 

.a*.: r. simplifies 


'^■2: 7-2ig 
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s rea' 


Liminarj 

to 

critical 
the val] 
iller 
d = 9.1 
5 p ai 
of p 
)f p 

-ft. A 


At the fixed end 

Estimated V = 0.5R = 0.5(44.8) = 22.4 kips 

niQ«x m 

Allowable u = 0.15f^ = 0.15(3000) = 450 psi 


^ V 8(22,400) ^ „ . 

~ ujd 7(45&.5 

A = pbd = 0.016(12)(8.5) = 1.63 in.^ 

^ O 

Try #8 at 5 in., A = 1.9 in. , So = 7*5 in. 

s 


1.9 

= W3T 

At the pinned end 


= 0.0186 


Estimated = (i/ 3)H^ = 1/3(^.8) = 15.O kips 


m 


So 


V 8( 
njd TC 


p ; . 0QQ ) = 3 9 in 

450 ) 9.75 ^ ^ 


A = pbd = 0. 016(12 )(9. 75) = 1.87 in. 

® p 

Try at 5 in., A =1.9 in. , So = 7-5 in. 

s 

^ ■ i^?757 - 

g. Determination of Msiximum Deflection and Dymmic Reactions by 
Ninnerical Integration. 

pi*. 


^ 


1 - 


. 0.0 i 62(52 )(i)( 9.75)^ [1 - 


= 70.0 kip-ft (eq. 4.l6) 


Mpg = O.Ol86(52)(l)(8.5)^ [1 - = 59.5 kip-ft 

o Q ^ li 

I = hh.^/12. = (11)^ = 1331 in. 


g 


It = bd- 


”3 

k2/3 + np(l - k)^ = 12(9.75)^ + 0.162(1 - 0.43)^ 


= 880 in. 

I = 0.5(1 + 1+) = 0.5(1331 +880) = 1105 in. 

a g ^ 

Mass m = = 0.0747 kip-sec^/ft 

Elastic range: 

- _ 8(59- 9<) 


E 


Im 


17.5 


= 27.2 kips 
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^ . (185)3(10)^105 . 

1 . 144(17. 5 r 


Elasto -plastic range: 


R 


m 


, 4(lk^) . "Mysm} . 45.6 


kips 


= 329 kips/ft 

5L 


ep 


y = y + 

'^ep *^6 


. 0.03W . . 0. 


090 ft 


ep 


Plastic range: 

= 45.6 kips 

Since Mp^ f Mp^ the formula for k^ in table 6.1 is no 
obtain a value for 7^ and kg, an "effective res^istance" lin 


Maximum Deflection = 5y£ | 

f 

Rm " 45.6 

/K 1 ki * 793 kips/ft 

^ 1 1 kg* 638 kips/ft 

1 1 kjp» 329 kips/ft 

! 1 1 ye = 0.0344ft 

I 1 yE = 0.0715 ft 

II )(ep = 0.090ft 

y< 

s ^E^ep 


Deflection, y(ft) 

Figure 7,13. Resistance function for 
11 -in, wall slab spanning 17,5 ft 
fixed at base and pinned at top 

integration in table 7,2 is y 

•"n + 

where 


figure 7.13 so that the ar 

to is equal to the area 

culated elasto-plastic res 

The required value of y.„ = 

E 

, _ m _ 45 ‘6 

h ~ " 0.0715 " ' 

= 5(0.071 



= 0.06 sec 
The basic equation ; 

■■ - 1 
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Table 7.2. Determination of Maximum Deflection and Dynamic 
Reactions for Front Wall Slab 


t 

sec ) 

P 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y (At)^ 

n 

(ft) 

^n 

(ft) 

(kips ) 

^2n 

(kips) 

0 

63.8 

0 

31-9 

0.01369 

0 

7.7 

12.1 

.005 

58.7 

10.8 

^7-9 

0.02055 

0.01369 

9.8 

15.8 

.010 

53.5 

31.6 

21.9 

0.00939 

0.04793 

18.2 

18.2 

'.015 

48.4 

45.6 

2.8 

0.00142 

0.09156 

23.1 

23.1 

1.020 

43.2 

45.6 

-2.4 

-0.00122 

0. 13661 

22.5 

22.5 

1.025 

38.1 

45.6 

-7.5 

-0.00380 

0.18044 

21.9 

21.9 

1.030 

32.9 

45.6 

-12.7 

-0.00644 

0.22047 

21.3 

21.3 

t.035 

29.0 

45.6 

-16.6 

-0.00842 

0.25406 

20.8 

20.8 

).o4o 

27.3 

45.6 

-18.3 

-0.00928 

0.27923 

20.6 

20.6 

).o45 

26.3 

45.6 

-19-3 

-0.00979 

0.29512 

20.4 

20.4 

).050 

25.6 

45.6 

-20.0 

-0.01014 

0.30122* 

20.4 

20.4 

).055 

24.9 

42.4 

-17.5 

-0.00751 

0.29718 

i4.o 

22.9 

).060 

24.4 

33.2 

-8.8 

-0.00378 

0.28563 

11.5 

18.9 

1.065 

23.9 

21.1 



0.27030 

8.4 

13.6 


o , (y ) = 0.30 ft. 

s selected ^ n max 


>^d.er it uj 
ier the cal 
ince line. 

3715 ft. 

kips/ft 
= 0.3575 ft 


. \2 ' n n 

y^(At) = 


(P^ - R^)25(10'^) 


n 


0.78(0.0747) 


= 4 . 29(10 ^)(P - R ) ft, elastic range 




(P - R )25(10 ) . 

yn(At) = — %~' fsr 67 0 ' fiii ) " 4.29(10" )(P^ - R^) ft, elasto-plastic 

' ' ‘ < range 

(P - R )25(10"°) . 

■ ' d.a.(g. 07 lt 7 ) ‘ 5 . 07 ( 10 - )(?_, - R^) ft, plastic rapge 


The time interval At = O.OO 5 sec is approximately = O.OO 6 


2J§to'(par. 5-08). 
638 


The dynamic reaction eq-uations are listed in paragraph 7“21b. The P 


n 


values for the second column are obtained from figure 7 * 9 ^ multiplying by 
the numeri i44(l7.5)/lOOO = 2 . 52 . 

ble 5*3) The maximum deflection, (y ) , computed in table 7-2, is O. 3 O ft 

n max 

which is less than the allowable y^ of 0.35 ft. 

y_ = 0.068 ft 

iL 


^ = 0^ ^ 


'E 


0.0715 


31 



For bottom of wall (fixed end 

■ : :■ (tri;, :f> y.,:^) 

.'.r :■ ■.■r.fnt (f, - h. 2 h&) 

■ * ' " ^--'-ACSOOO) + 5000(0.0162) = 120 + 81 = 

= .->‘3 pSi 

r..y::rr..i for 253 - 201 = 57 psi. Contribution 
’I . ■■ ■-•’t; .(• .y.ear ntrecs = rf . 



( 


‘it .. f ' 


'■ ^ in,, use s = 7.5 in. 

: I 7 j‘d i;]al; ) : 




• rt 

H ij* in" 


V =: 201 psi 

y ^ 



ChfN'ir reinforcement required fc 
e. >i - 201 = 25 psi 


r = 
Try 

i' LU 


25/40, 000 
3 A 

0.05 

b;; 10 s 


= 0.0006 

= 0.05 in.' 

= 0.0006, 


= H.3 in., 

i;r<* r> - in. 


•%# 

#■, 0 

%’ ■# 



•,v 8(23,100) 

' " Y( 7 . 5 )( 3 - 5 ) " 

a; .<'.vab n = 0.15 n 
• i 5(3000) = 450 psi 

OK 

; . .’.■.n.ir.'iry. 


’ « « 


' r e 


11 -in. sla 
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Shear reinforcement : 

Bottom of vail #3 at 7-l/2 in. 

Top of vail #3 at 8 in, 

7-22 DESIGN OF ROOF SLAB, The roof slab is designed as a one-vay rein- 
01 psj forced concrete slab spanning continuoiisly over purlins located at the 
third-points of the supporting girder. 

As stated previously, the general arrangement of the members in this 
^ shes example is not selected as 
the result of economic 
studies. This exar^le is 
intended primarily to il- 
lustrate design technique. 

The slab is per- 
mitted to deform into the 
plastic region by develop- 
ing plastic hinges at both 
supports and midspan. In 
psi the design procediores of 

this manual only single-span elements can be handled, therefore in using 
the preliminary plastic design procedure -of paragraph 6-11 a one-foot vidth 
of slab is considered to be a fixed-end beam spanning 6 ft '8 in., the 
purlin spacing. 

Loading. The critical slab loading is the incident overpressure 
vs time curve (fig. 7‘8). This loading results from the blast wave moving 

parallel to the long axis of the build- 
ing. Since the slab is framed perpen- 
20 ’ dicular to the direction. of the blast 
‘ vave the load may be considered to be 
uniformly distributed along each slab 
span. The individual one-foot slab 
elements along the purlin reach their 

all points of roof. 

maximum deflections at different times; 
however, they provide little restraint to adjacent elements. This effect 
is neglected in this example. 
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For the blast wave moving perpendicular to the long axis 

huilding the design loads on tl 
reduced from the incident overj 
loads for two reasons: (l) the 
to build up load on the slab is 





the incident overpressure (EM 1 
The design load as idea 11 


defined by 


B . 10 psl . = 9.6 Mps 


T = 0.38 sec 

TT (9.6)0.38 

2 ” 2 

b. Dynamic Design Factors. (Refer to table 6.1.) 
Elastic range: 


N 


= 1.83 kip-sec (par. 6-ll) 


Kj. = 0.53, 


“ps 


Kji = 0-^1. 

384ei 




0 . 


kl = 


V = O.36R + O.llfP 
Elasto -plastic range: 

Kj^ = 0.64, 


= 0.50, 




0 . 


8 


^ = L (“ps “pm^^ \ 


384 ei 


ep 


51-^ 


V = O.39R + O.llP 
Plastic range: 


= 0.50, 


8 


Km = 0-33, 




= 0 .' 




V = 0.38R +0.12P 
m 


Average values: 


Kj^ - 0.5(0.64 + 0.50) = 0.57, = 0.5(0.78 + 0.77) = 

= 0.5(0.50 + 0.33) = 0.42 
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$.6 kips 
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this 

\ - Z (“p. 

ilah are 

307EI 

isnre 

il 

me requii 

c . First 

nite and 

I^t Mp^ = 1 

ess than 

Assume p = 

-345-413; 

Let op = 5 

. from the 

Assume = 


= Cj^B = 1. 0(9.6) =9*6 kips 


(eq. 4.16) 


«p - f - T^) ('1 

= O.Ol5(52)(l)d^ j^i - = 0.688d^ kip-ft (d in inches) 

l6l^ (l6)0.688d^ ^ ^ ^ . 

R = — ? — = = 9.6. .. d = 2.4 in. 


= 9.6, .*. d = 2.4 in. 


Try 4 = 3*5 i-n., d = 2.5 in*/ P = O.OI5, np = O.15 

Mp = 0.688(2.5)^ =4.3 kip-ft 


16(4.3) 


= 10.3 kips 


Ig = blaVl2 = (3.5)-^ =42.9 in. 
= bd^ + np(l - k)^j 




-i-,: 

\-yt 

No. 4 3" cover 

4 

1 . 0 “ 


12(d)2 + 0.15(1 - 0.42)^^= 0.905d^ = 0.905(2.5)^ 


= i4.i 


I = 0.5(1 + I, ) = 0.5(14.1 + 42.9) = 28.5 in. 

8. S ^ 


^ ^ (.307)3(10)3^ ^ 615 kips/ft 


(6.67)^144 


= ilT = "" 


= op = 5(0.0168) = 0.084 ft (par. 6-26) 


The roofing weight is 6 psf. 

Weight = + 6.0] ^ = 0.332 kips 
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Mass m = = 0.0103 kip-sec 

d. First 'Erlal - Equivalent System Properties. 

R = ICR = 0.57(10.3) = 5.87 kips (eq 6.12) 
me L m 

Hg = KjH = 0,57(1*83) = 1.04 kip-sec (eq 6.2) 

p 

Me = lyn = 0.42(0.0103) = 0.00432 kip-sec /ft (eq 6.2) 

"p - (pi 


T 


n 



= 6.28 -y/ 0.77(0. 0103 )/6 15 


0.0226 sec 


e. Work Done vs Energy Absorption Capacity. 

= t/t^ = 0.38/0.0226 = 16.9 

= R^B = 10.3/9.6 = 1.075 (eqs 6.15, 6.I6) 

t^T = 0.09 (fig. 5.29) 
t^ = (0.09)0.38 = 0.034 sec 

Idealized load-time CTjrve is satisfactory at t = 0.034 

= 0.005 (fig. 5.27) 

\ = 0.005 (1.25) = 0.625 ft-kips (eq 6.I7) 

E = - 0.5yg) = 5.87 [0.084 - 0.5(0.0168)] 

= 0.445 ft-kips (eq 6.I8) 

E < W, /. the selecte(i proportions are -unsatisfactory as 
nary design. 


f . Second Trial - Actual Properties 
0.5(W + E) 


0.5(0.625 + 0.445) 


m 


m 


(0.57) [ o.oeh - 0.5(0.0168)] 


R = 
m 


= 12.3 kips (eq. 6.I9) 
_ (l6)0.688d^ 


Try 





^ 2.75" 
r \ 

—A 


No. 4 


3/4“ cover 


L ■ 6:^7 — = ^^-3^ ^ “• 

k = 3-3/4 in., d = 2-3/4 in., p = 0.015 

M^ = 0.688d^ = 0.688(2.75)^ = 5.2 
16(5.2) 

■ 


3.75" 


m 


12.5 kips 
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7-22 Y,22g 

Ig = ^ = (3.75)^ = 53.0 in.^ 

= 0.905d3 = 0.905(2.75)^ = 18.8 in.^ (k = 0.42) 

la = = 0.5(53.0 + 18.8) = 35.9 In.^ 

. , 307|I ^ 1 30 ^ (10)335.9 , 775 
^ l 3 (6.67)^(144) 

= if ' ^ « 

^ = 00 = 5(0.0161) = 0.0805 ft (par. 6-26) 

^ . 0.35, 

Mass m = = O.OIO9 kip-sec^/ft 

g. Second !Ct-lal - Equivalent System Properties. 

\e = = 0-57(12.5) = 7.13 kips (eq 6.12) 

Tig = Kj^H = 0.57(1.83) = 1.04 kip-sec (eq 6.2) 

^e ~ * 0.42(0.0109) = 0.00459 kip-sec ^/ft (eq 6.2) 

^^e^^ (1.04)2 

2m^ “ 2(0.* 00459) ~ ft-kips (eq 6.IO) 

\ = = 6 . 28 .^0 . 77 ( 0 . 0109 )/775 = O.0207 sec 

k. Work Done vs Energy Absorption Capacity. 

0^ = t/t^ = 0.38/0.0207 = 18.3 

= \/B = 12.5/9.6 = 1.3 (eqs 6.15, 6.16) 
t^T = 0.04 (fig. 5.29) 

= (0.04)0.38 = 0.015 sec 
= 0.0015 (fig. 5.27) 

\ = C^Wp = 0.0015(118) = 0.177 ft-kips (eq 6.I7) 

E ■ °*5yE^ = 7-13 [0.O805 - 0.5(0.0l6l)] 

= 0.516 ft-kips (eq 6.I8) 

E » W 

Althovigh the difference "between E and W is great no other trial 
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is Justified since slat tMckness was increased by only l/h i 
tte selected proportions are satisfactory as a preliminary de 
i. Pr ell* 11^1 Tiftry Design for Bond Stress.* 

Estimated = 0.5Rjj^ = 0.5(12-5) = 6.25 kips 

Allowable u = 0.15f^ = 0.15(3000) = 450 psl (par. 4-09) 


Try #3 at 2-l/2 in., = 0.53 So = 5*7 in. 

O 

f 


- ' 



t. 

T 

3 . 75 “ 

ly ir 1 'At 



3 at 2 1/2“ 



np = 10(0.016) = 0.16 


J. Determi nation of Maximum Deflection and Dynamic Rea 
numerical Integration. 


Mp = pf^bd^ 


Pf , 

L i-^^dcj 


= 0,016(52)(1)(2.75)^ jl - 5.5 kip-ft 

I = bb3/l2 = (3.75)^ = 53.0 in.^ 


k - y n^p^ + 2np - np = 0.428 
= bd^ [k2/3 + np(l - k)^] 

= 12(2.75)^ 


+ 0.16(1 - 0.428)^ 


I = 0.5(I„ + L) = 0.5(53.0 + 19.6) = 36.3 in. 


= 0.945(2.75 

4 


Weight = + 6.0] = 0.352 kips 


Mass m = = O.OIO9 kip-sec^/ft 


Elastic range : 

12 M^ 

R-, = 

Im L 

384EI 


- weight = - 0.352 =9.5 kips 

= ^^ 3llO)336.3 ^ 

(6.67)^144 
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Elasto -plastic range: 

- Height . - 0.352 - 12.9 hips 

'‘ep ' ^ = 5 

^ep = S'e ^ "V — ° °-°'W ^ ^'Igi f‘ 


Plastic range: 

l6Mp 


R = -j^ 
m L 


wei^t =12.9 kips 


Maximum Deflection = Syg 


General: 


I m 


1iL_ 

I k| s 980 kips/ft 

' kg s 781 kips/ft 

I kep» 196 kips/ft 

j y« s 0.0097ft 

I YE* 0.0165ft 

I ^•P * O Q 27 


Deflection, y(ft) 


^ “ 3§5 ^1 " 3§^ (980) = 781 kips/ft 
= ^ = ft 

= op yj, = 5(0.0165) = 0.0825 ft 


T = 2jt 

n 


= 0.0206 sec 


0.77(0.0109. 

tSi 


Figure 7.14. Resistance function for 
3-3/ 4-in. slab spanning 6.67 ft 


The basic eq.nation for the nimierical 
integration in table 7*3 is: 


+ 1 = + 2y^ - - 1 ^-S) 

vkere ^ (P - R )(0. 00171)^ 

(P - R )(0. 00171)^ h 

= ''o.77(d.0109) = 3.48(10- )(P^ - R^) ft, elastic range 

„ (P - R )(0. 00171)2 2i 

7jAt) . °0.7tt(0.0109) ' - 3-'‘39(10- )(P, - H^) 


(P - R ) (0.00171)'= 

0.66(0.0109) 


= 4. 064(10"^ )(P^ - R^) ft, plastic range 
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Table 7.3. Determination of Maximum Deflection and Dynami 
Reactions for Roof Slab 




HI 



■ 

0 

0.00171 

0.00342 

0.00513 

0.00685 

0.00856 

0.01027 

0.01198 

0.01370 

0.01541 

0.01712 




0.00167 

0.00275 

0.00123 

- 0.00015 

- 0.00054 

- 0.00089 

- 0.00146 

- 0.00148 

- 0.00150 

- 0.00118 

- 0.00066 

^^Es! 

^^Eb 

^^Es 

* (y.Lv = 0.03 ft. 

' n max 


The time interval At = O.OOI 71 sec is approximately T 
(par. 5 -O 8 ). The value used is t^Ao because the incident c 
data is presented in terms of t^ (EM 1110-3^5-^13 )• 

The dynamic reaction equations are listed in i«,ragrap) 
values for the second column are obtained from figure 7-8, i 


ll^l^(6.67)/lOOO = 0.96. 


The maximum deflection (y ) computed in table 7-3 : 

n IIIELX 


is less than the allowable y of O.O 8 ft. This is satisfad 

m 


thin slabs are very sensitive. Note the variation in E ai 
two trials (pars. 7-22e aind h). 


(y.) 


ap 


'•'n'max 0.03 , o 

"0355 '"-®- 




OK 


k. Shear Strength and Bond Stress. 

^max "" (table 7-3) 

For no shear reinforcement 

Allowable v = 0.04f ' + 5000p (eq 4.24a) 


4o 
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V = 0.04(3000) + 5000(0.016) = 120 + 80 = 200 psi 


8v 8(6020) 
Tbd 7(12)(2.75; 


= 209 psi 



= 0.00206 

Jressure 


'■ 2 b. ael 
plying by 


03 ft ¥Mc 

because 
in the 


Slightly overstressed, OK to use 

8V 8(6020) I,,,.. _ . 

^ ■ liDd ~ 7(5-7)2.75 

Allowable u = 0.15f^ = 0.15(3000) = 450 psi; OK 


3->3/4-in. slab, ^3 s-'t 2-l/2 in. 

p = 0.016 

No shear reinforcement 

7-23 DESIGN OF ROOF PURLINS. The purlins are framed flush vith the tops 
of the girders and are provided -with moment -resisting connections. Connec- 
tions attached to the top flanges of the pin^lins are emhedded in the con- 
crete slah to provide lateral support to the top compression flange and to 
prevent separation of slah from purlin in reversals. 

Although composite behavior of the slah and purlin can be expected to 
develop to a limited extent, preliminary computations showed that design 
for independent behavior of slab and purlin is more desirable for this ar- 
rangement of members (pars. 4-12 and 6-23). 

The purlins are designed for plastic behavior so that hinges are con- 
sidered to develop at midspan and at the supports. In the design proce- 
dures of this manual only single- 

span elements can be handled. ^ :■ 

Therefore, the continuity of the ” „ I 


purlins is accounted for approxi- ' ' 

mately by designing interior pur- | , .-r , , , i, ■ , , ■ . , ■ , ■ ■ . , ■ , ■ i -r ■ r r r r ^ 

lins as fixed- end beams spanning 

^ I L » 18. o‘ j 

lo ft between girder centerlines. ^ ^ 

Depending on the exterior support condition the exterior purlins are de- 
signed as fixed-pinned beams or as fixed-fixed beams. In this example a 
typical interior purlin is designed. 

a. Loading. To present a complete pictixre of the loads that need be 
considered acting on purlins, two directions for the blast wave are consid- 
ered (par. 3-09 )• 
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For the blast vave moving normal to the long axis of the bn 
thus normal to the axis of the purlin, the loading may be conside 
uniformly distributed along the length of the purlin. For this c 
the pressure vs time variation at each point along the roof is a 
of its position (par. 3-09)* addition the load on a p-urlin is 
tion of the length of the slab spans because the load on the purl 
up to a maximum value in the time required for the blast vave to 
the two adjoining slabs. In the preliminary design of the purlin 
sign losid is the sinplest form of the roof load, obtained from the 
overpressure vs time curve. The rise time, slab dynamic reaction 
local variation are all neglected in this preliminary step. 

For the blast wave moving parallel to the long eixis of the 
emd thus parallel to the axis of the p\n*lin, the load, varies alon 
as a result of the time required for the blast wave to traverse t 
span. At any point along the piorlin the time variation of the lo 
same and defined by the incident overpressure vs time curve. 

In the calculations that follow the load vs time curves for 
lin are obtained first for the blast wave moving parallel to the 
of the building and then for the blast wave moving parallel to th 
axis of the building. 

Foceof Front Won Foce of Rear woli The ptjrlin Obtained 

preliminary design proced 
analyzed for both loads i 
tables 7.5, 7.6, and 7-7- 
Blast wave moving perpend 
the long axis of the bull 
From the procedure 
purlin (a) are: 

= 88.1 fps 

m ■ T ® sec 

= 0.5(0.006 + 0.096) = 0.051 sec 




8'.42 

» 1 

43.5' 


graph 3-09d the data for point (A) 1 

t - L' 8.42 ^ _ 

a - ll+OS * 

V = [o.o 42 + (0.108) i4 


7'23 7 - 23 a 
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’■ding as 
-<i to be 
‘ditioii 
action 
flmc- 
tuilds 

iverse 
she de- 

icident 

and 

Iding 
he spai 
purlin 
Ls the 

! pur- 
: axis' 
ort 

the 

Ls 


IT to 

ra- 


tjj^ + 15 ^ = 0.096 + 15 = 0.266 sec 

^ (i 5 ?f) (t ■ 1) + 1 = ^ (l^) (553 - 1) -n = -1.2 

Iftiis "value must be >0; it is therefore taken as zero. 

The resulting variations in the ratio of local roof overpressure to 
incident overpresstcre for both points (a) and (b) are plotted in figure 
7 » 15 * The calculations for point (b) are not shovn but eire similar to 
those for point (a). 

By combining figure 7*15 and the incident overpressure curve (fig. 
7.8) the variation of local roof overpressure ■with time is determined (fig. 
7.16) for points (a) and (b). The calculations of local roof overpressure 
for point (A) are contained in table 7 * 4 . The calculations of data for 
point (b) are not shown. 

Table 7.4. Computation of Local Roof Overpressure at Point (A) 



t - tj 

t - 1 ^ 

P 

a 

P 

p 

P 

roof 

p 

t 

(sec) 

d 

(sec) 

t 

0 

0 

(fig. 7.15) 

(fig. 7.8) 

p 

s 

roof 

(psi) 

0.00475 

0 

0 

1.0 

10.0 

1.0 

10.0 

0.0429 

0.03815 

0.0558 

0.893 

8.93 

1.0 

8.93 

0.07325 

0.0685 

0.1 

0 . 8 i 4 

8 .l 4 

0.205 

1.67 

0.0810 

0.07625 

0.1115 

0.795 

7.95 

0.0 

0.0 

o.i 4 i 75 

0.1370 

0.20 

0.655 

6.55 

0.380 

2.49 

0.21025 

0.2055 

0.30 

0.519 

5.19 

0.810 

4.20 

0.24100 

0.23625 

0.346 

0.463 

4.63 

1.0 

4.63 

0.27875 

0.274 

0.4 

0.402 

4.02 

1.0 

4.02 

0.34725 

0.3425 

0.5 

0.303 

3.03 

1.0 

3.03 

0.41575 

0.411 

0.6 

0.220 

2.20 

1.0 

2.20 

0.48375 

0.479 

0.7 

0.149 

1.49 

1.0 

1.49 

0.55275 

0.548 

0.8 

0.090 

0.90 

1.0 

0.90 

0.62075 

0.616 

0.9 

o.o 4 i 

0 . 4 l 

1.0 

0 . 4 l 

0.68975 

0.685 

1.0 

0.0 

0.0 

1.0 

0.0 

The data 

in the last column are plotted in figure 




The roof slab is analyzed in table 7-5 for both local overpress-ure vs 
time curves presented in figure 7 *l 6 . The analysis in "table 7*5 is based 
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Table 7.5. Determination of Dynamic Reactions for Roof Slab, 
Loral Roof Overpressure at Purlins (A) and (B) 


Purlin (a) 


t n n 

( sec ) ( kips ) ( kips ) 



0.002 

3*97 

O.OOit- 

7.94 

0.006 

9.47 

0-008 

9.42 

0.010 

9.36 

0.012 

9.30 

0.014 

9.25 

0.016 

9.20 

0.018 

9.14 

0.020 

9.09 

0.022 

9.03 

0.024 

8.98 

0.026 

8.93 

0.028 

8.88 

0.030 

8.82 

0.032 

8.76 

0.034 

8.70 

0.036 

8.64 

0.038 

8.60 

o.o 4 o 

8.56 

0.042 

8.10 

0.044 

7.64 

0.046 

7.18 

0.048 

6.70 

0.050 

6.24 

0.052 

5.78 

0.054 

5.32 

0.056 

4.86 

0.058 

4.38 

0-060 

3.88 

0.062 

3.46 

0.064 

3.00 

0.066 

2.54 

0.068 

2.06 


00 l/\ LfN Lr^VD VD 
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-»■ the following data developed in paragraph. 7-22J and the resistance dia- 
— as for the roof slah (fig* 7*1^)* 

Elastic range: y^(At)^ = 3-^(l0 ft 

Elasto-plastic range: Y^CAt) = 3-^39(l0” )(P^ - R^) ft 
Plastic rai:ge: y^(At)^ = 4.064(l0 - R^) ft 

The object of this computation is to determine the slab dynamic reactions 
on the purlins. 

IThe naximum response of the slab to these loa^s occurs before there 
is any difference between the loads at (A) and (b), thus the dynamic reac- 
tions of the slabs at ptirlins (A) and (b) are the same until the dynamic 
reactions are based on the applied load P above. The last two columns of 
table 7.5 show the applied load and the dynamic reactions at purlin (b). 

To obtain the design loeid for purlins (A) and (B) the dynamic reac- 
tion data from table 7*5 are plotted in figure 7*17* The total purlin load 
is equal to the sm of the reactions of the slabs forward aft of the 
purlin. In figure 7* 17, it may be seen that the same dynamic reactions are 
plotted with a time lag 

■ lii - 

The loads from figure 7*17 are used in tables 7.6 and 7.7 (par. 7-23j) to 
check the preliminary puirlin design. 

Blast wave moving parallel to the long axis of the building: 

Qhe design load on the purlin is determined in figure 7 . 17 a using 
the slab dynamic reactions obtained in table 7.3 for incident overpressure, 
ae variation of the average load on the purlin with time is found by 
pj-otting the same dynamic reaction curve with a time lag 

*1 Q 

' 1503 ■ .ec 

The variation in slab dynamic reaction with time is the same at each point 
a^ong the purlin. The load curve from figure 7.17a is used in table 7.8 
to check the preliminary purlin design. 

Prel i m inar y desittn: 

For preliminary design it is desirable to use a simple load-time 
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curve. The design load as idealized from the computed loading sh 
figure 7.8 is defined by 



Time (sec) 


B = 10 psi 


10(lJA)6. 67(18) 
1000 


173 kips 


T = 0.38 sec 


BT (173)0.38 
2 2 


32.9 kip-sec (par. 6-11) 


^ = 0.41, 


^1 = 


384EI 


Km = 0.50, 

_ 384EI 
' 5 l 3 


= 0.50, 


V = 0,38R + 0.12P 

m 

Average values: 

Kj^ = 0.5(0.64 + 0.50) = 0.57 
Km = 0.5(0.50 + 0.33) = 0.42 
= 0.5(0,78 + 0.77) = 0.77 

+ V 

V 3OTEI 

R’ial Actual Properties. 
“ps-“Pm=“p 


Km = 0.33, 


= 0-77 


b. Dynamic Design Factors. (Refer to table 6.1.) 
Elastic range: 

= 0.53, 

E ^ 

7 ^ = 0.36R + o.i 4 p, 

Elasto-plastic range: 

Kj^ = 0.64, 

'’m = |(“ps %)• 

V = 0.39R + O.llP 
Plastic range: 


Kjm = O’TB 




= 0.66 
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Let a& = 6 (par. 6-26) 

Assume = 1-0 (experience) 

R = CpB = 1.0(173) = 173 kips 


Mp: 

1 . 05 ( 41 . 6)3 

. i.05Sf^ — - 

3 . 64 s 

klp-ft (S in in.^) 

(eq 4 . 2 a) 



s = 

53.5 in.^ 


Try 

16 ^F 36 , 




S = 

56.3 in. Z = 64 in.^ 

0 . 5 (S 

+ z) = 60.1 in.-^. 

I = 446 in 

Mp^ 

(s + z\ 41.6(60.1) 

= V V 2 / 12 

= 208 

klp-ft (eq 4.2) 



= = 185 kips 


in 


3^ ^ (307)30(10)^^. = 1,900 klps/ft 


m 


185 


18^(144) 

= 0.0378 ft 


kg 4900 

y = 08 y_ = 6(0.0378) = 0.2268 ft (par. 6-26) 

''hl E 

Height . " fi-35 ^ °-«5 - 

tess m = = 0.217 kip-sec^/ft 

d. First !Crlal - Equivalent System Properties. 

R = K-R = 0.57(185) = 105.5 kips (eq 6.12) 

loe Jj m 

Eg = KjH = 0.57(32.9) = 18.75 kip-sec (eq 6.2) 


m 


= = 0^2(0.217) = 0.091 kip-sec /ft (eq 6.I8) 


(hJ 2 


"p=^ 


- 1530 ft-kiph 


= 23 t^K^/kg = 6. 28 .^0.77(0. 217)74900 = 0.0368 sec 

e. Work Pone vs Energy Absorption Capacity. 

S = 0-38/0.0368 = 10.3 

Cjj =Rjj/B = 185/173 = 1.07 (eqs 6.15, 6.16) 
tjl = 0.12 (fig. 5.29) 
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t = (0.12)0.38 = O.CA55 

Bl 

Idealized load-time curve is satisfactory at t = 0.045 sec 
= 0.008 (fig. 5-27) 

W = C^Wp = 0.008(1930) = 15. ft-kips (eg 6.17) 

m W i; 

E =\e(yin - 0.5yj.) = 105.5 [0.2268 - 0.5(0.0378)] 

= 22.0 ft-kips (eq 6.I8) 

E > W, therefore the selected proportions are satisfactory i 
llmlnary design. 

Try to bring E closer to W by another trial that follow 
f . Second Trial - Actual Properties. 


0.25W^ + 0.75E 0.25(19.4) +0.75(22.0) 

“ (0. 57)[0. 2268 - 0.5(0.0378)] ~ 


Since E^ = 172 173 from first trial, try 


B _ 0.5(15 4 + 22.0) _ ^ 

\ - - 0 . 5 yj,) “ 0 . 57 ( 0 . 208 ) “ 

16 (3. 64 s) 

= - = ‘fg - 


R = T 
ffl L 


= 158, .'. S = 48.5 


Try l4 W^34, 

S = 48.5 in.^ Z = 5^.5 in.^, 0.5(S + Z) = 51.5 in.^, 1 = 


“p = V 2 = 178 klp-ft (eq 4.2) 


^ . leglS) . 159 kips 

. 30Il 3 , o)io^(33?.2) . 
^ 183(144) 


"" 8(0.0427) = 0.2562 (par. 6-26) 


g. Second Trial - Equivalent System Properties. 

\e = = 0.57(159) = 90.5 kips (eq 6.12) 

~ 0.57(3720) = 2120 kips/ft (eq 6.6) 

Sg = KjH = 0.57(32.9) = 18.75 kip-sec (eq 6.2) 

~ ~ 0.42(0.217) = 0.091 kip-sec^/ft (eq 6.8) 
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«p - ^ 

\ = " 6.28-^0.77(0. 217 )/3720 » 0.042 sec 

h. Work Done vs Energy Absorption Capacity. 

= 0.38/0.042 = 9*05 

= RyB = 159/173 = 0.92 

= 0.022 

W = 0.022(1930) = 42.5; too large, use initial trial 16 W^36 

m 


Estijnated V = 0.5R„ = 0.5(185) = 92.5 kiPS 

max d 


V 92.500 
^ " t d ■ 0.299(15.85) 


19,500 psi 


AllcHable v = 21,000 psij OK (par. 4-05c) 

j. Determination of Maxiimim Deflection and Dynamic Reactions by 
Rmaerlcal Integration. 

16 W3S, 

S = 56.3 in.^ Z = 64 in.3, 0.5(S + Z) = 60.I in.^, I = 446 in.^ 

Mp = 208 kip-ft 

Weight =7-0 kips 

p 

Mass m = 0.217 kip- sec /ft 
Elastic range: 

^ 12(208) „ ^ 


jf- - veight = - 7.0 = 132. 0 kips 


384EI 


18^(144) 


= 6130 kips/ft 


y. = ^ = = 0-0215 ft 


Slasto-plastic range: 


l6Mp 

\ = weight = — - - 7.0 = 178.0 kips 

^ep ~ = ■^ = 1226 kips/ft 
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R - E 


^ep 


in 


ep 


^ . o.oai5 . . 


0.0215 


0.037 


Plastic range: 

i 6 m^ 

R = — weight = 178 . 0 kips 

in L 


Maximum Deflection * Syg 





^ 7 _I 32 _ I 

k| * 61 30 kips / ft 
kg * 4900 kips /ft 
k,p* 1226 kips/ft 
y, * 0.0215 ft 
yp » 0.0363 ft 
y„* 0.059 ft 

J L 1 1 1 t 


Deflection, y (ft) 


Figure 7. IS. Resistance function for 
16 IF 36 purlin spanning 18 ft 


- _ 307E1 , 

^ ~ 3 - ^900 kips/ft 

JL 

R 

V - _ 178.0 „ , 

E ' kg ~ = 0.0363 f 

= 6(0-0363) =0 

Hie basic egnation f( 
numerical integration in ti 
1 . 1 , and 7.8 is y -« 

^ n + 1 ■ 

^n - - 1 5.3) 


Table 7.6. Determination of Maximum Deflection and Dynamic Reactions for Pun 
(Zone 3 Local Roof Overpressure) 



P 

R 

t 

n 

n 

(sec) 

(kips) 

(klpr.) 

0 

0 

0 

0.003 

20.7 

.1. - ] 

0.006 

73.8 

9.0 

0.009 

129.6 

38.8 

0.012 

180.0 

99.9 

0.015 

207.0 

142 . 1 

0.018 

212.4 

163.4 

0.021 

192.6 

178.0 

0.024 

176.4 

178.0 

0.027 

163.8 

178.0 

0.030 

160.2 

178.0 

0.033 

158.4 

178.0 

0.036 

156.6 

178.0 

0.039 

154.8 

178.0 

0.042 

151 . a 

178.0 

o.o 45 

145.8 

178.0 

0.048 

131.4 

178.0 

0.051 

118.8 

178.0 

0.054 

104.4 

178.0 

0.057 

93-6 

176.8 

0.060 

81.0 

147.3 

0.063 

68.4 

95.3 

0.066 

55.8 

34.2 

0.069 

45.0 


* (V ) 

' n'lnax 

= 90.8 kips. 



P - R 
n n 

(kimO 

yjAtf 

(ft) 

h 

(ft) 

3.3 

0.00018 


.19.6 

0.00106 

0.00018 

64.8 

0. 00349 

0.00142 

90,8 

0.00489 

0.00615 

80. 5 

0.00434 

0.01577 

64.9 

0.00345 

0.02973 

49.0 

0.00260 

o.o 47 i 4 

14.6 

0.00092 

0.06715 

-1.6 

-0.00010 

0.08808 

- i 4 .P 

-0.00089 

0.10891 

-17.8 

-0.00112 

0.12885 

-19.6 

-0.00123 

0.14767 

- 21.4 

-0.00134 

0.16526 

- 23-2 

- 0.00146 

0.18151 

-26.8 

-0.00168 

0.19630 

-32.2 

-0.00202 

0.20941 

- 46.6 

-0.00293 

0.22050 

-99.2 

-0.00372 

0.22866 

-73.6 

- 0.00463 

0; 23310 

-83.2 

- 0.00448 

0.23291 

-66.3 

-0.00357 

0.22824 

-26.9 

- 0.00145 

0.22000 

0.21031 
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7-23J 


=: 0 


^-178 

r the 
Ues 

[4- 

tee 


r hi 77 Determination of Maximum Deflection and Dynamic Reactions for Purlin (B) 
* ■ ' (Zone 3 Local Roof Overpressure) 


(sec) 


:.CC3 

C.DOb 

0.009 

:.D12 

:.o:5 

- ^^5 
0.021 
0.024 

:.C50 

C.C33 

0,0^ 

0.339 

0.342 

0.045 

0.048 

0.051 

0.054 

C.057 

Z.OcO 

o.(£3 

0.066 

0.069 


(kips) 


0 

20.7 

73.8 

129.6 

180.0 
207-0 

212.4 

192.6 

176.4 

163.8 

160.2 

158.4 

156.6 

154.8 

153.5 

152.1 

150.7 

149.3 

147.9 

146.5 

145.1 

143.7 

142.3 

140.9 

139.5 







0 

3.3 

0.00018 

0 

0 

1.1 

19.6 

0.00106 

0.00018 

3-3 

9.0 

64.8 

0.00349 

0.00142 

13.6 

38.8 

90.8 

0.00489 

0.00615 

32.1 

99.5 

80.5 

0.00434 

0.01577 

61.0 

142.1 

64.9 

0.00345 

0.02973 

78.1 

163.4 

49.0 

0.00260 

0.04714 

87.1 

178.0 

l 4.6 

0.00092 

0.06715 

90.8* 

178.0 

-1.6 

-0.00010 

0.08808 

88.8 

178.0 

- 14.2 

-0.00089 

0.10891 

87.3 

178.0 

-17.8 

-0.00112 

0.12885 

86.8 

178.0 

-19.6 

-0.00123 

0.14767 

86.6 

178.0 

-21.4. 

-0.00134 

0.16526 

86.4 

178.0 

-23.2 

- 0.00146 

0.18151 

86.2 

178.0 

-24.5 

-0.00154 

0.19630 

86.1 

178.0 

-25.9 

-0.00163 

0.20955 

85.9 

178.0 

-27.3 

-0.00172 

0.22117 

85.7 

178.0 

-28.7 

-0.00180 

0.23107 

85.6 

178.0 

-30.1 

-0.00189 

0.23917 

85.4 

178.0 

-31.5 

1 -0.00198 

O.2453S 

85.2 

178.0 

-32.9 

-0.00207 

0.24961 

85.1 

178.0 

-34.3 

-0.00216 

0.25177 

84.9 

178.0 

-35.7 

- 0.00224 

0.25177 

84.7 

163.9 

141.9 

-23.0 

- 0.00124 

0.24953 

0.24605 

78.7 

70.6 




90.8' kips. 


Table 7.8. Determination of Maximum Deflection and Dynamic Reactions for any Purlin 

(Incident Overpressure) 



(sec) 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y„(Atf 

(ft) 

(ft) 

V 

n 

(kips) 


c 

0 

0 

2.8 

0.00015 

0 


£. 

w • Ou Ji 

18.0 

0.9 

17.1 

0.00092 

0.00015 



C.-OOd 

50.4 

7.5 

42.9 

0.00231 

0.00122 



zsss \ 

97.2 

28.2 

69.0 

0.00372 

0.00460 


>; 

:.C12 ; 

147.6 

71.7 

75.9 

0.00409 

0.01170 


«:,r 

:.C 15 ; 

183.6 

133.7 

49.9 

0.00265 

0.02289 


vj 


201.6 

150-7 

50.9 

0.00271 

0.03673 



C.121 1 

194.4 

171.0 

23-4 

0 . 00124 

0.05328 


DC.: 

2-. 024 ; 

183.6 

178.0 

5.6 

0.00035 

0.07107 

89-7 

X.; 


172.8 

178.0 

-5.2 

-0.00033 

0.08921 


X.- 

W.03C 

162.0 

178.0 

-16.0 

- 0.00101 

0.10702 


X.' 

:.C 53 : 

160.6 

178.0 

-17.4 

-0.00109 

0.12382 


=^'.: 

C.O^ ; 

159.2 

178.0 

-18.8 

-0.00118 

0.13953 



:.C 59 : 

157.8 

178.0 

- 20.2 

-0.00127 

0.15406 


i'r 

0 .'J 42 

156.5 

178.0 

-21.5 

-0.00135 

0.16732 


I'.r 

C. O45 i 

155.1 

178.0 

-22.9 

- 0.00144 

0.17923 


bZ - 


153.7 

178.0 

- 24.3 

-0.00153 

0.18970 



O.Cpl ; 

152.3 

178.0 

-25.7 

-0.00161 

0.19864 



w . .-.54 1 

150.9 

178.0 

-27.1 

-0.00170 

0.20597 


Itv 

Z . ZT . ; 

149.5 

178.0 

-28.5 

-0.00179 

0.21160 



V • Dcv ; 

148.2 

178.0 

-29.8 

-0.00187 

0.21544 



c . '063 

146.8 

178.0 

-31.2 

-0.00196 

0.21741 



^■.Ddd ; 

w • •JC'^ 1 

145.4 

178.0 

-32.6 

-0.00205 

0.21742 

0.21538 



I 
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y^(At)^ 


(?n - 

{T^ - Rj,)9(io-^) 
0.7710.217) 

(Pj^ - \)9 (io- 6) 

0.78(0. 217) 


= 5.386(io“^)(P 
^ n 

= 5.317(10'5 )(p^ 


(Pjj - Rn)9(l0-^) 

0.66(0.217) 


6.281i-(io"^)(P^ 


Rjj) ft, elastic 

Rjj) ft, elasto-| 
range 

^t, plastic 


(par. 


Ihe time interval At = 0.003 sec is approximately T /lo = 0 00 

5-08). 


The dynamic reaction equations are listed in paragraph 7-23I) 

values for tables 7.6 and 7.7, second column, are obtained from f ign 

multiplying by 18 to account for the length of the purlin. For tatl 

the P^ values in the second column are obtained from figure 7.17a mu 

ing by 2 X 18 = 36 to account for the two slabs loading the purlin. 

The maximum deflection (y^ computed in table 7.7 is O.252 

Th\is 06 = = 6.9 > 6. This is satisfactory for this purpose. 

other purlins axe less critical. 

k. Sheeir Stress Check. 

V = 90.8 kips (tables 7-6 and 7*7) 
max 


V = 


dt 


V 


15^S9) - "5,200 psl 


Allowable v = 21,000 psi; OK (par. 4-050 ) 



1. Check Proportions for Iocs 
Buckling, (par. 4-06d) 

16 W 3 ^, b = 6.992, t^ = 0.1f28, 
a = 15.0, t^ = 0.299 
b/t^ = 6.99/0.428 = 16.4 > l 4 . 0 , OK; 

slab provides support 

a/t^ = 15.0/0.299 = 50.2 > 30, NO; ; 

tudinal stiffeners required 

tg = 3/8 > 0.299, OK 

^s/’*^s ^ ^3 ^ 
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-.24 

Use two plates 3/8 in. by 2-l/4 in. full length, 
c/t = (5.25 - 0.43)/0.299 = 16 < 22; OK 
e/t = (10.25 - 0.43 Vo. 299 = 32.8 < 40; OK 

' "Vf 

-_24 prt^t.tmtMARY desigh OF COLUMNS. A single-story frame subject to lat- 
eral behaves essentially as a single-degree-of -freedom system with the 
;climms displaying the spring properties. It is therefore unnecessary to 
substitute an equivalent system for the original structinre and the mass and 
load factors which are necessary in the design of beams and slabs are not 
used in the design of single-story frames. 

The preliminary plastic de- 
si^ procedure of paragraph 6-11 
is the basis for determining the 
preliminary column size. Ihe 
equations of paragraph 7-O6 are 
incorporated into the procedure 
of paragraph 6-11 replacing some of the factors that are used to determine 
equivalent systems. 

For purposes of preliminary design the frame girders are assumed to 
be infinitely rigid thus simplifying the determination of the coluonn spring 
constant. For spring constant computation the effective column height h 
is 16 ft based on an assumed girder- depth of 3 ft and a clear height h of 
it. 5 ft. The clear height is used in determining the resistance of the 
columns (par. 7-08). 

In the preliminary design of steel columns it is desirable that the 
energy absorption capacity be greater than the work done on the frame as an 
a.lowanee for the factors which are neglected. These factors are; (l) the 
effect; of direct stress on the plastic hinge moment, (2) the effect of lat- 
era_ deflection of the column on its resistance, and (3) the effect of 
girder flexibility. 

a. Design loading. The design lateral load on the frame is obtained 
-rom the dy nam ic reactions at the top of the front wall slab. However, for 
preliminary design computations, it is satisfactory to use the net lateral 
cverpressure curve (fig. 7.II). 

The net lateral load is assumed to be reacted equally by the frame 


— 1 

i= 1 

hsl6 

.O' 

».5' 

□ 



R 
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and tie fomdation. THis results in a conservative load for the f 
^nce the d/naffiic reaction equations for the vail slat (par. 7-211 
^“footing reactions that are larger than the roof reactions. 

■Dae design load as idealized from the cc 
loading as shovn by figure T-H is defined hy 

25.3(i1A)i8(^ + 0.31 



B = 25.3 PSi = 
T = 0.062 sec 


1000 


2 ^ ^ 393i0‘0§3A = 18.45 kip- 


sec 


1. Khss Computation 


n (lTO)l8(2)lT_»_l ^ 86.5 kips 
— 12(1000) 

( 3. 75(1^0) + 6.0") = 41.4 kips 

Slat and roofing ^2 / 1000 


42.4(18)7 _ c; o VIpR 
““1000 

Girder (estlmte) ^^^ 5 ^ ■ ^'5 

Comectlons (allow 10^) • 0.1(5-3 + S-S) = 1-2 “P® 

Colons (eetl»ate) 

Mass of slngle-degree-of -freedom aystem - total roof + l/ 
and valis) r- \ qc n 

h-1 .4 5.3 + 6 .3 + 1.2 0.33(86.3 + =2.6^ 

m=— 32.2 

c. First 'Erial - Actual Properties. 

Let op = 12 (par* 6-26) 

Assume Cj^ = 0.5 (experience) 

R = c^B = 0.5(595) = 297 kips 

m R 2 

„ , s = 3.64s kip-ft (S in in. )( 

Mp = 1.05Sf^ - 12 

R . {2oMj,)/l>^ - [2(3)3-6'‘S]/llt.5 = 1-51S - 297, •• 

Smallest column tint satisfies buoklln® criteria 

(par. 4-06d) . ^ A Gif':? + 

S = 216.0 in.^, Z = 242.7 in. , I = 1593 , 
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7-24i 


a/t = 12 . 6310.66 = 19.2 < 22; OK 

^1^ = 14.74/1.063 = 13.9 < OK (par. 4 - 06 d) 

. o.5(s + z)f^ = . 795 kip-ft 

21;^^ 

\ - h 14.5 

C 

V _ - . 12(30} 40 ^ ( _ 2910 klps/ft 

- 1,3- 163(144) 


n 

d. 


\ _ 328 
"" k " 2910 


0.113 ft 


= op Xg = 12(0.113) = 1.35 ft 


= = 6. 28 V2. 64/2910 = 0.189 sec 

First [ISrial ^ Work Done vs Energy Absorption Capacity > 


t/t^ = 0.062/0.189 = 0.328 

= hJb = 328/595 = 0.55 

t^T = 1.3, \ = 1.3(0.062) = 0.0805 (fig. 5.29) 


The original load-time curve slaould be revised to obtain a closer ap- 
proximation to the total iir5)ulse up to time t^ (par. 5-13). The inqpulse up 
to t = 0.09 sec in figure 7*11 is 


H = 1.00 psi-sec (obtained by graphical integration) 

T = 2H/B = 2(l.0)/25.3 = 0.079 sec 

T/T^ = 0.079/0.188 = 0.42 

tjT = 1.2, tj_^ = 1.2(0.079) = 0.095 (fig. 5.29) 

Try again for in^julse up to t =0.10 sec, H = 1.026 
T = 2(1.026)/25.3 = 0.081 sec 
= 0.081/0.189 = 0.43 

tjT = 1.2, tj^ = 1.2(0.081) = 0.097 *«t = 0.10; OK (fig. 5.29) 
= 0.71 (fig. 5.27) 



\ = C^¥p = 0.71(111) =78.7 ft-kips 
® " \(^m ■ "i) = 328 [1.35 - 0.5(0.113)] = 426 ft-kips 

"Hiis column section (l4 VPI36) is more than ample. Try to use a 
sraller coluom size. 
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e. Second Trial - Actual Properties. 

0 . 5 (W^ + E) ^ o.^(78.7 + 426) _ 252 

\ ~ 1.35 ■ 1.35 “ ^IPs 


_ ^ 2(3)3.64s 

\ - "h 14.5 

C 


= 187, S = 124 in. 3 


Try 12 VF 92 to satisfy iDuckling criteria (par. 4-o4a) 

S = 125.0 in.^ Z = 130.0 in. 3 , I = 788.9 in.^^ 0.5(3 + 


a/t^ = 10.91/0.5^5 = 20 < 22 

b/t^ = 12.155/0.856 = 14.2 «l 4 . 0 j OK 

Mp = 0.5(S +Z}f^ = 127.5(^1.6) ^ 


2nMp 2 ( 3)441 

\ = ir?“ = kips 

^ . jgC3 . g i io ii 78a,g)3 , 

h 3 163 ( 144 ) 

Xe = R^k = 182 /i 440 = 0.126 ft 


Xj^ = op Xg = 12(0.126) = 1.52 ft 

= 2 ny[^ = 6.28-^2.64/1440 = 0.268 sec 
f . Second Tk-lal - Work Done vs Energy Absorption Caraclt 

T/Tn = 0.081/0.268 = 0.302 
Cp = RyB = 182/595 = 0.306 

t^T = 1.8, = 1.8(0.08.1) = 0.146 sec (fig. 5.29) 

Revise the load-time c\jrve as above (par. 5-13). 

Impulse up to t = O.I8 sec in I’i^Ture Y.H is H = I.I96 ps: 
T = 2H/B = 2(1.196)/ 25.3 = 0 . 09 it sec 
t/t^ = 0.094/0.268 = 0.351 

tyT = 1 . 8 , tj^ = 1.8(0.094) = 0.17 sec; OK (fig. 5 - 29 ) 

= 0.82 (fig. 5.27) 


h 2 


^P = 2 m 


2 j " 8 ( 2 ^ 64 ) “ 


\ = Vp = 0 * 82 ( 149 ) = 122 ft-kip 

0.126 


E = R 


m\ m 


= 182 1.52 - 


149.0 ft-kips 


266 ft-kips 
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25iis column section is ample. Another trial may be made to reduce 


the size 


E- 


R 


Hi 


firrtlier. 

>ni-!rA Trial - Actual Properties. 

^ _ 0.5(122 ^ 266} ^ Q 

= ■■ y- 1.52 

•'m 


^ _ 2(3)3.g^(si ^ 128, .*. S = 85 in.3 
\ = ” ■ 14.5 

C 

! 6 y 10 F 77 , S = 86.1 in. Z = 97-6 in.^ 0 . 5 (S + Z) = 9 I .8 in.^ 
I = 457.2 In.^, A = 22.67 In.^ 


a/t^ = 8.89/0.535 = 
b/t^ = 10.195/0.868 

Mp = 0 . 5 (S + Z)f^ 


16.6 < 22 ; OK 
= 11.75 < l 4 . 0 ; OK 

: _ 318 kip-ft 


c 

k _ = 12(30)10^(457.2)3 ^ 835 klps/ft 

163(144) 


Xg = Rjj/k = 131/835 =0.157 ft 


X = ap X = 12x^ = 12(0.157) = 1.88 ft 

m e e 

= 2jf‘/^ = 6. 28*^2. 64/835 = 0.353 sec 

b. mh-i-rd Trial - Work Done vs Energy Absorption Capacity. 


t/t^ = 0.094/0.353 = 0.27 

Cp = R^B = 131/595 =0.22 

t^T = 2.5, tji^ = 2.5(0.094) = 0.235 sec (fig. 5.29) 

Revise the load-time curve as above (par. 5-13)* 

Impulse up to time = 0.25 sec is I.30 psi-sec (fig. 7*11) 
T = 2 H/b = 2(l.30)/25.3 = 0.103 sec 

t / t ^ = 0.103/0.353 = 0.292 

tjj/T = 2.5 (fig. 5.29), = 2.5(0.103) = 0.257 sec; OK 

= 0.88 (fig. 5.26) 




i525)VlO^ 

8 ( 2 . 64 ) 


= 179 ft-kips 
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\ = 0.88(179) = 157 ft-kips 


k - x) - 


E = R 5 

mV m d 


88 


0^) 


- 236 ft-kips 


This size is accepted for preliminary design. As 


noted ate 

desirable to have E exceed ¥ because of the approximations ir 
liminary design procedure. 


1. 


Shear Stress Check of 10 W^77. 
R 


Estimated V 


m 


max 


— o ^ ~ ^ kips in one column 


V = 


V _ 4if,000 _ , 

t d 0.535 Uo.' 62; 

V 


Allowable v = 21,000 psi (par. 4-05c); OK 
j. Slenderness Criterion for Beam Colnmns. (see par. 4-o8 
proximate eval\iation of the column slenderness criterion is made 
column size is accepted for final analysis. The criterion is: 


/ K'Id \ / K"L\ 

^Mpy^ioabt; 

Mp = 318 kip-ft 


< 1.0 (eq U.IO) 




W 

m 

E 


Mp = (318) = 212 kip-ft (a rotigh estimate) 


Pp = f^A = 41.6(22.67) = ^5 kips 


Pp = = 139 kips, at t^ = 0.257 sec (fig. 


K' = 0.l4 (table 4.l) 

K" = 0.50 (table 4.2) 

L = 14.5 ft (clear hei^t) 

r = 2.60 in., b = IO.195 in.. 

Substituting gives 


t^ = 0.868 in.^ d = 10 . 62 ] 


/212\ r0-l4(l4.5)l2(l0.62)1 . /139\ FO. 5(l4.5)l2' 
VW/ [100(10.195)0.868 J v^/ L 15(2.60) . 


= 0.196 + 0.329 = 0.53 < 1.0; OK 
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OF ROOF GIRDER. Tiie girders are rolled structural steel 
s continuous over tvo spans. Since the procedures of this manual con- 


sider only single -span elements, 
the girders are designed for 
vertical loads as beams fixed at 
the interior support and pinned 
at the exterior support. The 
vertical loads are of two kinds; 
uniformly distributed load due 
to the girder dead wei^t and two concentrated loads, static plus blast ap- 
plied by the purlins at the girder third-points. 

Bie design moment at the interior support is a combination of three 



: 20 ^ 


P 3sp. at 6’- 8“ * 20 -0 


r — t i t 


k — 

1 20' 

1- 


superposed bending moments as follows: 

(1) Tkie moment caused by the static loads; 

(2) The moment caused by the vertical blast loads; and 

(3) The moment iii 5 )osed by the central coliman in restraining lateral 
motion of the frame. 


The girder is designed for elastic behavior so that at all times it 
will he capable of providing the full restraint equal to the column plastic 
m:r:ent at each column support. For this two-span girder the column moment 
in the girder is equal to one-half the plastic hinge moment of the column 
(par. 7“ll)' 

The basic design procedure is essentially the same as the elastic de- 
sign procedure illustrated in paragraph 6-12. Although this is an elastic 
design, the limiting moment is the plastic resisting moment of the section 
(psir. -4-04b). 

The preliminary design load is based on an idealized version of the 
psTlin dynamic reactions. After obtaining a satisfactory preliminary de- 
sign the actual average purlin dynamic reaction is used in a numerical in- 
tegration analysis to verify the preliminary design. 

a. loading. The critical girder loading results from the blast wave 
tx:ving parallel to the girder axis. For this condition the average roof 
-cads vary along the axis perpendicular to the girder from a maximum at the 
ends to a minimum over the central portion of the roof (pax. 3-08d)- To 
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obtain the vertical blast load on the girder it is necessary to c 

(1) The variation of Zone 3 local overpressure; 

(2) The slab dynamic reactions for these overpressures; anc 

(3) The purlin dynamic reactions when loaded by the slab 
reactions. 


All this has been done in paragraph 7-23 in designing the ] 

The girder dynamic load is determined in figure 7-19 by adding tl 

reactions of purlins (a) and (b) plotted with the proper lag timf 

p urlin spacing 6.67 . . 

'^lag “ velocity of blast wave 1403 sec 


The dynamic reactions are obtained from tables 7.6 and 7.7 (par. 
The design load as idealized from the computed loading shown by i 

is defined by: 

B = 4(89) = 356 kips 

= 0.016 sec 

b. Elastic Range Dynamic Design Fa( 
Time (sec) (Refer to table 6.1.) 



Concentrated mass: 

= 0.81, 

\ 

= 0.17E + 0.17P, 


Km = ^ 

_ 132EI 

K - o 

Vg = 0.33R + O.33P 


Uniform mass: 

= 0.81, = 0.45, 

c. Mass Computation. 


- <>'83 


and roofing * 6.o] - 20.7 Hps 

Purlins 


1000 

Girder (estimate) 


= 1.5 kips 
= 3.2 kips 


Connections (allow 10^) = 0.l(3-2 + 1‘5) = 0.47kips 
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# 

-j uoj+ooay ojujouAQ ujijn^j aSojaAV 


Figure 7A9. Determination of average girder load vs time curve 



» 0.115 klp-sec^ 

fTKV } 


(par. 6 - 11 ) 

" klp-ft (s in ^ 


h38 In. 3 


* -bis + z) =542 in. 3^ 

kip-ft (eq k. 

kips/ft 

i‘ riiix-rtlt*8. 

•■ ■(■ •^t|' 5 ) “ 0.318 kip-si 
'0 “ 0.052 kip-sec^/f 1 
■ ' k ! ji-t;ec' /ft 
klpa/ft 

^ , ’ <) - 0.0241 sec 


( • •■.'0 = 516 kips 
.720 klp-ft 
kip-ft (pars. 7-12! 
■'ij port due to static lo! 

}( .!//)(6.67 + 20)0.25 + 
..■5, := 9.25 + 22.7 +28.; 

ir vertical blast loads 
-ft < 1720 kip-ft. 
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7-25f 


^ Tirial - Actual Properties. Try 36 W 160 

S = 541 in.^ Z = 622 in.3, 0-5(S + Z) = 581 in.^, I .= 9739 in.^ 

M - f 0.5(S + Z) = 41.6(581) = 2020 klp-ft 
“p <3y 

132K _ 132(30)io^(9T3_9.) ^ 33^300 kips/ft 
■ j} 2o3(i44) 

g Second lirial - Equivalent Properties. The change in the mass is 


neglected. 

k = K^k = 0.81(33^300) = 27,000 kips/ft 

e 

= 6. 28 .37/27,000 = 0.0232 sec 

^ /T = 0.016/0.0232 = 0.69 

D.L.F. = 1.38 (fig. 5.21) 

Required = D.L.F.(b) = 1.38(356) = 491 kips 

Required M = Rj^L/6 •= 491(20 )/6 = l640 klp-ft 

Girder resistance available for vertical blast loads 

Mp - Mg - 0.5(Mp)^^^^ = 2020 - 60 - 159 = I8OO klp-ft; OK 

f = 1.19 (fiS. 5-21) 


t = 0.016(1.19) = 0.019 sec; OK 

n 

h. Preliminary Design for Shear Stress. 

At t = 0.019 sec, t = 0.019 + 0.0048 = 0.0238 sec 

m 

P = 4(89) = 356 kips (fig. 7.19) 

V = 0.33R„ + O.33P = 0.33(491 + 356) = 280 kips 
V 


m 


'V = 


t d 
w 


280,000 


Allo-wable v = 21,000 psi (par. ^-05c) 
i. Determination of Maximum Deflec- 
tion and Dynamic Reactions by Numerical 

Integration. 

6 Mp 

T" " 20 

k = 33,300 kips/ft 


R = 

m 


, . 51,0 fcip. 


i'e ■ 


1“ 

k 


540 

33,300 


= 0.0162 ft 



Deflection, y (ft) 

Figure 7.20. Resistance function for 
36 W 160 girder spanning 20 ft, 
fixed at one end and pinned 
at the other 
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Table 7.9. 


Determination of Maximum Deflection and Dynamic Reactions for I 


t 

(sec ) 

P 

n 

(kips) 

R 

(kips ) 

- R 

n n 

(kips) 

yjAt)^ 

(ft) 

^n 

(ft) 

0 

0.002 

0.004 

0O.OO6 

0.008 

0.010 

0.012 

0.014 

0.016 

0.018 

0.020 

0.022 

0.024 

0.026 

0 

4.0 

11.2 

30.0 

56.0 

110.0 

160.0 

208.0 

266.0 

312.0 

337.0 

351.0 

356.0 
356.0 

0 

0.2 

1.5 

5.6 
17-0 

39.0 

83.0 

149.0 

231.0 

325.0 

414.0 

481.0 

510.0 

494.0 

0.65 

3.8 

9.7 

24.4 

39.0 
71.0. 

77.0 

59.0 

35.0 
-13.0 
-77.0 

-130.0 

-154.0 

0.000006 

0.000033 

0.000085 

0.000214 

0.000341 

0.000621 

0.000674 

0.000516 

0.000306 

-0.000114 

-0.000674 

-0.001137 

-0.001347 

0 

0.000006 

0.0000l^5 

0.000169 

0.000507 

0.001186 

0.002486 

0.004460 

0.006950 

0.009746 

0.012428 

0.014436 

0.015307 

0.014831 


The basic eq\jation for the numerical integration in tat] 
i'n * 1 ' - 1 5-3) 


vhere 

(P„ - K„)(0.002)2 

^ Kj^(m) (0.55X0.115/+ ( 0 .a 3 j{ 0 . 475 ; 

= 8.75 X 10'^ (P^ - R^) ft 

The time interval At = 0.002 sec is approximately equal to T^/ 
sec (par. 5~08). The dynamic reaction equations are listed ir 


7-25b. 


The P values for the second column in table 7*9 ott 
n 

figure 7*19 multiplying by h to obtain the total concentrated 
to the girder by the two purlins. 

J . Shear Stress Check. 

V = 286 kips (table 7-9) 


V = 


V 286,000 ^ . 

dT = 36'.5 Co.653) ^ 


W 


Allowable v = 21,000 psi; OK (par. 4- 05c) 
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7 -^ 5 ^ 


k. Check Rroportions of 36 iri 6 o for Local BuckUnc 
h/t^ = 12.0/1.02 = 11.8 < l4j OK 

a/t^ = 33 . 96 / 0.653 = 52 > 30; NG, longitudinal stiffeners required 
(see i»r. E- 06 d) 

= 3/4 > 0.653; OK 

tg/tg = 6; bg = 6tg = 6 ( 3 / 4 ) =4.5 in. 

Use longitudinal stiffeners, 2 plates 
3/4 in. by 4-l/2 in. by full length. 

c/t. - 10.73/0.653 = 16.5 < 22; OK 

e/t^ = 22.54/0.653 = 3^.5 < 40; OK 

Weight of added plate stiffeners 
equals 23 Ib/ft. 



Continuous 

Nominaf 

Weid 


33 . 96 " 


7-26 FIMl DESIGN OF COUMN. The column design -was begun in paragraph 
•^- 24 . The final steps in the column design are Illustrated by this para- 
graph. The steps vhich follow are preliminary to the numerical analysis to 
determine the lateral deflection of the top of the columns. In the pre- 
-iminary design (par. 7 - 24 ) some of the factors which affect the response 
are neglected to sinqjlify the computations. In this paragraph these fac- 
tors are bensidered: the variation of plastic hinge moment with direct 
stress, the variation of column resistance with lateral deflection, the ef- 
fect of girder flexibility^ on the stiffness of the columns, and the differ- 
ence Detween the load on the wall slab and the dynamic reactions from the 
ra— vhich are used as the lateral design load for the frame columns, 
a. Mass Computation. (Refer to par. 7 - 24 b. ) 

Walls =86.5 kips, roof slab = 4 l .4 kips, purlins =5.3 kips 

= ^-5 kips 


Columns = = 3.35 kips 


1000 

Connections =1.2 kips 

Mass of single-degree-of -freedom system = total roof + 1/3 (colimins 


i^r-d vails ) 


4 i .4 


.n ■ + 9.3 + 6.5 + 0. 33(86.5 3 . 35 ) 8^.2 2, 


32.2 


^2.2 


=2.6 kip- sec /ft 
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t. Column Properties. 

10 W77 

I = 457.2 in.\ S = 86.1 in.3, Z = 97.6 in.3, 0.5(3 + zj 
A = 22.67 in.^, b = 10.195 in., = 0.868 in. 

a = 8.89 in., = 0.535 in., d = 10.62 in. 
c. Column Interaction Design Data. The plastic hinge n 
axial load, and the values of and are congputed helov fro: 
properties . 

Mp = f^y(S + z)0.5 =%^ (91.8) = 318 kip-ft (ecL4.2) 
Pp = = 41.6(22.67) = 945 kips (eq. 4.7) 

^ - 2 v/] 

""l = ^ [2(10.195)(0.868)2 + 0 .5 . 35(10.62)^ . 

~ 3*91 L^5-^ + 30.2 - 0.80] = 175 kips 

^1 “ ~3d " *f) (S'i^ - 8dt^ + (eq 4 .] 

" (12;3(io.62) - 0.868^ + 

10.195(0.868) [3(10.62)^ - 6(10.62)0.868 + 4(0.868)^ 

“1 = ^ [339 - 55.5 + 3.0] } = (2727) 

For Pj^ > P^ 

( P - P \ _ p 

"1 ■ ' 9l. ' 5 - 175 - °-3®% (« 

For Pjj < P^ 
p 

Md =Mp (M^ - M ) (eq4.l4) 

1 

(318 - 296 )P^ 

= 318 2 = 318 . 0.125 Pp 

Effect of Girder Flexibility. The relative flexitili 
girders reduces the spring constant k in the elastic range fr 
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obtained in paragrapli 7-24 for infinitely stiff girders (par. 7-08). To 
* ^ this revised value of k a simple sidesmy emalysis of the frame is 
isade From the sidesway analysis the magnitude of the lateral force re- 
t^rei to cause a unit displacement is determined. 

In figure 7-22 the initial slope, -which is the proper spring constant 
vmti' formation of the first hinge, is assumed to hold up to the plastic 
resistance R . The true resistance curve is represented approximately by 
the dashed line up to R^^^. 

For infinitely rigid girders k = 835 kips/ft (par. 7-24g). 

fhP elastic sldesway anal- 


ysis in figure 7-21 is started 
vith -1000 kip-ft at top and 
bottom of each column. This 
is equi-valent to a lateral 
displacement of the frame, 

X = (F.E.M. )h^/6EI 

_ (I000)(l6)^l44 

6(30)io2(457-2) 

= 0.448 ft 


Idealized Frame 
Resistance 

R^x 0.414 (MD)n 

.Approximate Variation Of 
Frame Resistance 

k, * 815 kips/ft 

V » '■■ ■- ■■ — ft 
815 




I^Moximum 
j Elastic 
I Deflection 


Figure 7.21. Sidesway frame analysis by 
moment distribution 


In the elastic sides-way analysis 
the conventional procedure of using 
centerline dimensions is adopted al- 
tho-ugh in all other computations the 
clear height of the column is -used. 


Deflection, y (ft ) 

Figure 7.22. Resistance diagram for 
10 77 columns 


R 


^ 2(946 + 973) +(999 + 998 ) 


W 


= 365 kips 

k = ? = = 815 klps/ft 


X oT5ro 

e. loading* Both, horizontal and vertical loads are considered. The 
lateral load for the numerical integration (fig* 7 * 23 ) is obtained from 
the dynamic reaction colninn of the numerical integration analysis of 
the front wall slabs in paragraph 7-21g (table 7*2)* The dyna mi c reaction 
values for a one-foot vidth are multiplied by the vidth of one bay. After 
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*i:e o^.-namic reaction of the front wall slab has decreased to the level of 
tie applied load (at t = 0.055 sec) the values are determined from the 
-et lateral load curve (fig. T-U) vhere = [l44(l8)9.06]/l000 
= 13-^ \et ^^net These data are plotted in figure 7.23 

f give the frame lateral design load for use in table 7. 10. 

Tte effective height of the loaded area is obtained from one -half the 
vail clear height plus the thickness of the roof slab, 

h = = 9.06 ft 


f. Computation of Deflection of Frame by Numerical Integration. 

(Refer to table 7. 10. ) The total vertical load in the second column is 

cttained by multiplying the average roof overpressure (fig. 7.12) by 

[43.5(i8)i 44]/1000 = 112.8 and adding the dead weight of the roof system. 

Ihe (P„) values are the average axial coliimn loads and are obtained by 
' D'n 

dividing the total vertical load by the number of col-umns. The (F]-|)j^ 

column is used in the plastic range to obtain the value of (l^)j^ from the 

interaction design equations (par. J~26c). The value of (Mp)^^ is used to 

ottain the maximum resistance at any time by the relation (R ) 

= = C2(3)(MD)JAi^*5 = 0.4l4(Mp)^. 

R is equal to kx = 8l5x^ in the elastic range. In the plastic 
n. n n j. 

range R is the limiting value of R . The expression (P x )/h indicates 
the decrease in resistance corresponding to the increase in moment result- 
irg from the eccentric loading. The basic equation for the numerical inte- 
gration in table 7-10 is 

A + 1 = ^n " ^n - 1 5.3) 


cere 


\(^t)^ = 


F - R + ^ (x ) 
n n h ' 
c 


(At)^ 


m 


(0.02)" 


xUtf = 


F - R + ^ (x ) 
n n h ' n'^ 
c 


— =1.5^ X 10 


r4 


F -R +rr (x ) 
n n h ' n' 
c 


cneck the slenderness criteria (par. 4-08) the following equation is 
e-a_uated for each time interval. 
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T able 7 . 10. Determination of Column Adequacy 


t 

(eec) 

P 

n 

(kips) 

(kips) 

(klp-ft) 

(kips ) 

p 

n 

h 

c 

(kip-ft ) 

(kips) 

R 

n 

(kips) 

P X 
n n 

h 

c 

(kips) 

P X 

F - R + - 2 _S 
n n h 

c 

(kips) 

(ft) 

X 

n 

(ft) 

0 |j 

2.23 

0 

55 

18 

316 

131 

3.8 

139.0 

0 

0 

69.5 

0.0106 

0 

0.29 


0.02 

698 

233 

275 

114 

48.1 

405.0 

8.6 

0.5 

396.9 

0.0607 

0.0106 

0.25 


0.04 

998 

333 

236 

98 

68.8 

371.0 

66.7 

5.6 

309-9 

0.0474 

0.0819 

0.217 


0.06 

913 

304 

247 

102 

63.0 

207.0 

102.0 

12.0 

117.0 

0.0179 

0.2006 

0.23 


0.08 

836 

279 

257 

106 

57.7 

150.0 

106.0 

19.0 

13.0 

0.0020 

0.3372 

0.24 


0,10 

769 

256 

266 

110 

53-0 

58.0 

110-0 

25.0 

-27.0 

- 0.0041 

0.4758 

0.24 


0.12 

711 

237 

273 

113 

49.0 

54.0 

113.0 

30.0 

-29.0 

- 0.0044 

0.6103 

0.25 


0.14 

663 

221 

279 

136 

45-7 

50.0 

116.0 

34.0 

-32.0 

-0.0049 

0 . 74 o 4 

0.26 


0.16 

621 

207 

285 

118 

42.8 

46.0 

118.0 

37.0 

- 35-0 

-0.0054 

0.8656 

0.26 


0.18 

584 

195 

289 

120 

40.3 

42.0 

120.0 

40.0 

-38.0 

-0.0058 

0.9854 

0.27 


0.20 

551 

184 

293 

121 

38.0 

38.0 

121.0 

42.0 

- 4 l .0 

-0.0063 

1.0994 

0.27 


0.22 

523 

174 

296 

123 

36-1 

34.0 

123.0 

44.0 

-45.0 

-0.0069 

1.2071 

0.27 


0.24 

496 

165 

297 

123 

34.2 

30.0 

123.0 

45-0 

- 48.0 

-0.0073 

1-3079 

0.27 


0.26 

471 

157 

298 

123 

32.5 

27.0 

123.0 

46-0 

-50.0 

-0.0076 

1 . 40 l 4 

0.27 


0.28 

447 

149 

299 

124 

30-8 

24.0 

124.0 

46.0 

-54.0 

-0.0083 

1.4873 

0.27 


0.30 

424 

l 4 l 

300 

124 

29.2 

22.0 

124.0 

46.0 

-56.0 

-0.0086 

1.5649 

0.28 


0.32 

401 

134 

301 

125 

27.7 

19.0 

125.0 

45.0 

-61.0 

-0.0093 

1.6339 

0.28 


0.34 

380 

127 

302 

125 

26.2 

16.0 

125.0 

4 J 4.0 

-65.0 

- 0 . 00 ^ 

1.6936 

0.28 


0.36 

359 

120 

303 

125 

24.8 

l 4.0 

125.0 

43.0 

- 68.0 

- 0.0104 

1.7434 

0.28 


0.38 

337 

112 

304 

126 

23-2 

12.0 

126.0 

4 l.O 

-73.0 

- 0.0112 

1.7828 

0.28 


0.40 

318 

106 

305 

126 

21.9 

11.0 

126.0 

40.0 

-75.0 

-0.0115 

1.8110 

0.28 


0.42 

297 

99 

306 

127 

20.5 

9.5 

127.0 

37.0 

-80.0 

- 0.0122 

1.8277 

0.28 


0.44 

0.48 

278 

92 

307 

127 

19.2 

8.0 

127.0 

35.0 

- 84.0 

-0.0128 

1.8323 

1.8241 

0.28 



(eq 4.10) 

= i 4.5 ft = 174 in. (tables 

ro.5(l7^)'l 


7.10 is based on tbe natura 

= 6. 28^2. 6/815 = 0.353. 

T 

t = 0.02 < = 0.035 (par. 5-08) 

\ 12(102) _ c ft 

The allovable maxiimim displacement = — - 3 15 “ 

and 7-24c). The computations in table 7-10 show that the sler 
terion is satisfied because the combined ratio is only very s] 
1.0 (0.3?^). The computed maximum displacement = 1.56 

ap = ~5| (12) = 12.5; OK. 



K'Ld 

rK"L| 


iOObt^ 

"Pp M 

K' 

= o.i4. 

K" = 0.50, 1 


L.o.iw 

174)10.62 1 


100(10.195)(0.868)J 


<1 


u 


0.292 ^ + 2.231 ^ ^ 1 

Mp 


The time interval At used in table 
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-.27 fOUTOQATION DESIGN, a. General. The foundation of this building is 
designed by both of the methods described in paragraph 6-31 primarily to 


illustrate the procedures. 

3 ie first design is according 
to the Quasi-Static Foundation 
Design Procedure in paragraph 
6 - 31 c, and the second is ac- 
cording to the Dynamic Founda- 
tion Design Procedure in para- 
graph 6-31d. A preliminary 
plan of one bay of the founda- 
tion is presented by figure 



"-24. 


Figure 7.24. Preliminary foundation plan for one bay 


b. Loads. The first 

requirement of the quasi- static analysis is a tabulation of all the lateral 
and vertical loads on the foundation. Because each numerical integration 
Pd Pd Pd performed previously is based 

on a separate value of At, it 
is necessary to plot cijrves of 
the variation of each of the 
forces with time. The loca- 
tions of the forces on the 
foundation are shown by the sketch on the left. The vertical loads in- 
clude the column and footing blast loads and the dead load of the entire 
structure. 



Figure 7.25 is a curve showing the time variation of the total column 
(blast plus static) load obtained from data in table 7*10. 

?-gjre 7.26 is a curve of the time variation of the blast load on the pro- 
jecting front footing. The front wall footing is estimated at 2 ft 6 in. 
for the preliminary analysis so that the projecting area is ^ 2.5 - ■^)o *5 
U.79 ft. The vertical "blast load on the footing is obtained by multiply- 

-ng the projecting area by the front face overpressiire (fig. 7 * 9 ) thus 

obtaining 

(lU/lOOO) . 
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Figure 7-27 is the total vertical load curve obtained ly ad 
ordinates of figures 7*25 7-26. The blast load on the rear f 
neglected herein. 
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Figure 7.26, Vertical load on front wall footing projection vs time 


77 





200 


1000 


800 


600 


400 


200 



0.02 



i5S5Saii™HSS SSSS5SSSSSS”"iSSSS8SSSSSSSSSSSiS:sp 
!■■■■■■■■■ ■■■■■■■■■■ SSaSSSSSSS ■■****"**■■■ 


!■■■■■■■■■ ■■■■ 

l■■■S■5■■8 ■■■S' 


!■■■■■■■■■■■■■ 

ISSSSIBSiSS SSISS^ 


■■■■■■■■■■a 


!■■■■■■■■■ ■■■■■■■■■■ ■■■■■■ 


■■■■■■■■■ ■■■■■■■■■■ ■■■■■■ 

■■■■■■■■a ■■■■■■■■■■ ■■■■■■ 
■■■■■■■■a ■■■■■■■■■■ ■■■■■■ 


!■■■■■■■■■ ■■■■■■■■■■ ■■■■■■ 


■■■■ ■■■■■ ■■■■■■■■■■ ■■■■■■ 
■■■■■■■■a ■■■■■■■■■■ ■■■■■■ 
■■■■•■■■■■■■■■■■■■a ■■■■■■ 


■■■■■■■■a ■■■■■■■■■■ ■■■■■■ 

■■■■■■■Sla ■■■■■■■■■■ ■■■! 


■na^^BSaSaSSSSSSiSSSiu 




■■■ ■■■■■■■■■■ ■■■■■■■■■■ 

■■■■■■■■■■■■■■■■■■■■■■■Si 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 


■■■■■■■■■a ■■■■■■■■«■ ■«■■■■■■■■ ■■■■ ■■■■■ ■■■■■■■■■■! 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a ■■■■■■■■■■■■■■■I 
■■■■■■■■■a ■■■■■■■■■■ ■■■■■■■■■■ ■■■■ ■■■■■ aaaaamni 


■■■■■■■■■■■■■■■■I 


■■■■■ ■■■■■■■■■■ ii 
■■■■■■■■■■■■■■■■I 

■■■■■■■hiIiiiSSb 

■■■■■■■SSSiSSSS 


!■■■■■ ■■■■■■■■■■■ 
■■■■■■■■■■■■■■■I 
!■■■■■■■■■■■■■■■■ 


[■■■■■■■■■■■■■■ii 


■■■■■■■■■■&■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■I 
■■■■■■■■■a ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■II 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■nil 


!■■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■) 

■■■■■■■■■a ■■■■«■■■■■ ■■■■■■■■■■ aaaai 
a ■■■■■■■■ ■■■■■■■■■■■■■r-**"*-"' — -I 

— laSmSSmaSuiSSaSISSSaaSSS' 



■■■ ■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■■■■■■■■■ ■■ 

■■■■■■■a ■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■ ■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 


jaaMBU aaaaaaaaaa aaaaaaaaaa ■aaaaaaaaa ■■ ai 
aaaaaaaa aaaaa aaaaa aaaaaaaaaa ■■■■■■■■■■ ■■ ■" 
■■■■■■■a aaaaaaaaBiaaaaaaa i«« -- 

■Baaaaaa ■■■»■■■■■■ ■■■■■■■ 

■BaaaBBB ■■■■■■■■■■ aBaaBaa 

■■■■■■■■■aaaaaaaaaaaaaaaB 

MBaBaBBBaaaaaaBBBBaBBBBaa 
laaaaBBBiaaaaaaaaaaaaaaaaa 


bSSSISbSI SSlSaSlaaaaa aaSaaia 

aaBBa aaBBa aaaar — 
aaaBBBBfaaaaaaaaaaaaai 
■■■■■■■■■■■■■■■■■■■■■I 


aa ■■aaaaaaaaaa 


■■■■■■■■■■■■■a 


■■■■■■■■■■■■■■■■■■ SSSSSS!!!SSSSSS! 


!■■■ 

.jaaa i 

■■■■■■■■■■■■I 


■■■■■■■a aaBaa aaBaa 

■■■■■■■■■■■■■■■■■a 
aaaaaaaa aaaaaaaaaa 

aaaaaaaa aaaaa aai 

aaaaaaaa aai 



Figure 7.27, Ti 


O irs o IPs ir% o UA o i/% c ^ t/\ ( j i/% 
or% - t if%'^o VO t t 'O fQ a\ 


EM 1110-345-417 

“ 15 Jan 58 

-mae lateral loads include tlae shear in the columns and the front and 
va'l slab reactions at the wall footings. The rear wall slab reactions 
obtained in table 7.11 by a numerical integration using the rear wall 
pressure data in figure 7*10 anJ the following data from paragraph 7-21g . 

= 2.52 \ack 

V = 0.03^+ ft 

V = 0.090 ft 

^ep 

= 793 kips/ft 

k =329 kips/ft 
ep 

R = 45.6 kips 
m 

At = 0.005 sec 

y^(At)^ = 4.29(10“^)(P^ - ft, elastic range 
y^(At)^ = 4.29(10 "^)(Pj^ - R^) ft, elasto-plastic range 
y^(At)^ = 5.07(l0“^)(Pj^ - R^) ft, elasto-plastic range 
yj^(At)^ = 5.07(lO”^)(P^ “ plastic range 


Table 7.11. Determination of Dynamic Reactions for Back Wall Slab 


0.21b 

1.210 

2.520 

3.654 

4.788 

6.048 

7.207 

8.392 

9.576 

10.786 

12.096 

13.306 

l4.44o 

15.624 

15.498 



P - R 
n n 


0.073 

0.53ii- 

1.671 

3.482 

5.737 
8.098 
10. 156 
11.613 
12.378 
12.601 
12.652 
12.925 
13.714 
15.153 


(kips) y(At)" 


0.216 

1.137 

1.986 

1.983 

1.306 

0.311 

0.891 

1.764 

2.037 

1.592 

0.505 

0.654 

1.515 

1.910 

0.345 


0.000093 

0.000488 

0.000852 

0.000851 

0.000560 

0.000133 

-0.000382 

-0.000757 

-0.000874 

-0.000683 

-0.000217 

40.000281 

40.000650 

40.000819 

40.000148 



0 

0.000093 

0.000674 

0.002107 

0.004391 

0.007235 

0.010212 

0.012807 

0.014645 

0.015609 

0.015890 

0.01595^ 

0.016299 

0.017294 

0.019108 
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Figure 7.28 IS a plot of l8(Vp - V' ) where V„ and V o-. 

2n “ ''2n resi 

the front and rear wall slab footing reactions from tabl 


After t =0.07 sec, the curve is obtained from the net lateral 
(fig. 7.11): ^ 


iLo(2) ^ ^net ~ ^^‘^net ^^net Psi) 
viiere 17*5 is the -wall clear height. 

The time variation of the column shear is plotted in fig^p 
using data from table 7*10. 



Figure 7.28, Wall reactions at foundation vs time 
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T ime, t (sec) 

Figure 7,29, Column shear vs time 


Figure 7.30 indicates the total lateral load-time variation on the 

"^dation and is obtained by adding the ordinate values of figures 7.28 
and 7.29. 
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Time, t (sec) 


Figure 7.30, Total lateral load on foundation vs time 

Although not needed until a later step^ the time variatic 
column base moments is x)lotted in figure 7-31 using data obtaii 
table 7*10. From t = 0 to t = O.O 8 sec the coliomns are elasti 
the moment from one col-umn on the foxindation is 

M = i J (R ) = 2.k2R 
3 2 ^ n' n 

From t = 0.08 to 0.20 sec, the columns are plastic, hence {Mp)^ 
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!Ery colimin footings, 3 ft 6 in. square, sirea = 12.25 sq ft 

The size of the wall footing is determined by using the 
of blast load on the footing projection and adding to it the de 
vail and overburden. 

Dead load of exterior vail and footing: (assume vail heig] 
footing vidth and depth = 2.5 ft, neglect overburden) 
Wall = (2 )( 150/1000) (11/12)18 (18.0) = 89.0 kips 
Footing = (2)(150/1000)(2.5)2. 5(18.0) = 33.8 kips 
Total vail dead load = 89. 0 + 33.8 = 122.8 kips 
Maximum value of blast load = 54 kips (fig. 7.26) 

total exterior wall load 


Theoretical width == 


length (allowable bearing capacity) 




This value is too small for practical purposes, hence an ar 
width of 2 ft 6 in. vill be used for subsequent analyses. 

d. Preliminary Depth of Foundation. The time variation of 
balanced load is obtained in table 7*12 by subtracting the availa 


Table 7.12. Determination of Unbalanced Lateral Load 


© 

(D 



— 

© 


Time 

Lateral Load 

Vertical Load 

Total Vertical 

Friction 

Unbalanced 




Load 


Loac 

(sec) 

(kips) 

(kips) 

(kips) 

(kips) 

(kips 


fig. 7.30 

fig. 7.27 

(])■*■ 163.6 

0.5 © 

(^- 

0 

218 

105 

268 

134 

81t 

0.005 

2U3 

270 

433 

217 

26 

0.010 

288 

440 

603 

302 

None 

0.015 

U20 

600 

763 

382 


0.020 

414 

730 

893 

447 


0.030 

403 

905 

1068 

534 


o.oUo 

397 

1020 

1183 

592 


0.050 

397 

971 

1134 

567 


0.060 

355 

930 

1093 

547 
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'‘ior^l force from the total lateral load. Hie lateral load causing 
-■■i-'rg is ohtained from figure 7»30* The frictional resistance to sliding 
■ - -ttained by multiplying the total vertical load by the coefficient of 
ition, p =0.50 (par. 7-l8)* The total vertical load at any time is ob- 
•<3,-'r.ei by adding the dead load of the total structure to the vertical loads 
ir. figure 1-2'J. 

Columns = 3-35 kips (par. 7-23) 

Column strap footings = 2.5(2.5)40(0.15) = 37.5 kips 
Tbtal dead load = 122.8 + 3-35 + 37-5 = l63-6 kips 
'jnbalanced lateral load is then the total lateral load minus the fric- 
tional resistance to sliding. The maximum value of this imbalance is 
z^t kips. 

Hie procedure recommended in paragraph 6-31c requires that the depth 
zf footing be that necessary to develop sufficient passive pressure resist- 
ance to equal twice the unbalanced lateral load at any time. The effect of 
tne blast pressures acting on the surface of the ground at the back of the 
building should be included in determining the passive pressure resistance. 
In this example the back wall loading does not begin until O.O3O sec (table 
~.ll) and there is no unbalanced lateral load after t = O.OO5 sec (table 

The required depth of footing is determined by: 

= (eci4.58) 

vtere 


?p = normal component of total passive resistance 
= 2 (maximum unbalance) = 2(84) = l68 kips 
The resistance to lateral motion is provided by the lesser of: (l) 
::ncined passive pressinre resistances of front and back footings or (2) 
:ri2::ional resistance of earth between footings plus passive pressure re- 
3is':ar:ce of back footing. 

Considering case (l) first, , ^ ' ' 

3ie -.ength of back vail capable of 
resis-cing passive pressure is l8 ft. 

Tne effective height of soil is . 


I*- 6" 


T 


Front WqI 


■/sammm' 


Bock Wall 


Hb 
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Ilie length of front wall capable of resisting passive pres 
(18 - 2.5) = 15-5 ft- Hie effective height of soil is (h^) . 


(increase for height of concrete floor) = EL - I.5 x 1150 - lo n^ 

^ ioo"^ — (c 


Hg - 1.25 ft. 

Fp = front -wall resistance + back •wall resistance 


5’p.= 15.5Kp^ 


7 (B^ - 1.25)' 






(E. - 1.25)^ 0.100(lLf 

168 . 15.5(10)0.100 , + 18(10) ® 


2 —V—/ 2 

Hg = 3.68 ft (compare available Hg = 4.31) 


On this basis, the back footing is capable of providing a pas 
si stance equal to 

.0,, 18(10)0.100(3.681^ 

l°Kpj2; 2 " 2 


121 kips 


The potential frictional resistance of soil between footings equals 
pW = n(7)l5.5(Hg - 1.25)41.7 - 0.50(0.100)15.5(2.43)41.7 = 78 
78 + 121 = 199 > 168, case (2) is OK. 

e. Overturning Moment. The sketch below indicates the posit: 

loads considered in • 



overturning computat; 

In table 7.13, ' 
time variation of tb 
turning moment on tb 
ture is determined, 
•wall reaction overtn 


moment is obtained by multiplying the net wall reaction from figure 
by 2.50 ft. 


The wall support moments are obtained from data in tall 


and 7.11. In the elastic range = (R^L)/8, for one bay 

= [(i 8)/8](17.5)R^ = 39.3\- In the elasto-plastic and plastic ran 
M = 18(59.5) = 1070 kip-ft. The column base moments are obtaii 


^ wall 

multiplying the column moments (fig. 7-31) ty the number of columm 
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© 

© 

© 

® 

@ 

® 

® 

® 


. . 


1^11 

Front 









Co2xmD 

Reaction 

V&ll 

Back Wall 

Column 


Blast Lo€ui 

Blast Loaui 

Net Footing 

Net 



Overt'uniing 

Support 

Support 

Base 

M 

on Front Foot- 

on Back Foot- 

Projection 




}fc«ent 

Moaient 

Moment 

Moments 

0 

ing Projection 

ing Projection 




(Ups) 

(ft-kips) 

(ft-Iclpr. ) 

(ft-kips) 

(ft-kips) 

(ft-kips ) 

(kips) 

(kips) 

(ft-kips) 

(ft-kips) 


fi«- 7*30 

@ 2.50 

table 7.2 

table 7.11 

fig. 7.31 

C@-®] 

fig. 7.26 

fig. 7.32 

22.1 [@ + (9)] 

[®- 


2IB 

545 

0 

0 

0 

545 

5^ 

0 

1175 

-630 


AO 

600 

425 

0 

4 

1029 

48 

0 

1085 

-56 


m , 

i 722 

1070 

0 

15 

1797 

43 

0 

971 

826 

■ ‘ i 


! 1050 

1070 

0 

30 

2150 

39 

0 

883 

1267 


415 

1 1038 

1070 

0 

60 

216 & 

34 

0 

770 

1398 


4:o 

1025 

1070 

0 

120 

2215 

30 

0 

680 



400 

1000 

1070 

0 

187 

2257 

26 

0 

589 

1668 


400 

1000 

1070 

2.6 

300 

2373 

24 

1-0 

520 

1853 

. 

395 

9B8 

1070 

21.0 

480 

2559 

23 

2.1 

472 

2087 

. ■.'« !'■ 

395 

988 

1070 

65.0 

585 

2708 

22 

2-9 

431 

2277 


395 

988 

1070 

136.0 

651 

2845 

21 

3-9 

386 

24*50 

. ] :•* 


950 

944 

225.0 

705 

2824 

21 

4.9 

362 

2462 


355 

888 

583 

317.0 

741 

.2529 



362 

2167 


tay. Bie footing projection rightiiag moment is obtained by multiplying the 
tlast load on front footing projection from figure 7.26 by 22.1 ft. The 
lack footing overturning moment is obtained by multiplying the blast load 
-r. back footing projection from figure 7.32 by 22.1. The vertical blast 
load on the rear footing (fig. 7-32) is obtained by multiplying the pro- 
jecting footing area by the rear face overpressixre (fig. 7. 10) obtaining 

~ne overturning moment due to the passive pressure is neglected 
conservatively. 

Coii±iined Axial Load and Overturning Moment. From the equation 
for combined stresses it is possible to •write 

Ultimate bearing capacity = v •<- 
From -wMch by substitution is obtained 

QO = P + M(22.54) 

197.5 55,290 

p = 5929 - 0.0806M 

*wm0r0 

Ultimate bearing capacity = 30 kips/ft^ (par. 7-l8) 

P = total vertical load on one bay of foundation 
A = total area of one bay of foimdatlon = I97.5 ft^ 
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M = total overtizrning moment on foundation 

- - distance to extreme point on foundation from center 

k 

I = moment of inertia of fo-undation = 55^290 ft 

Introducing the P and M data from table 7.13 into the equation 
''cr P (above) shows that the soil pressures and the preliminary sizes of 
:he foundation elements are satisfactory. 

g. Design of Foundation Members. In a complete design study it would 
:e necessary to determine stresses at, various times in order to determine 
be critical condition. Ib illustrate the, procedure it is sufficient to 
;oBpute stresses at only one time. 

The column strap footing is designed for the stress conditions at 
; = 0.055 sec. One bay of the foundation 18 ft wide centered on a column 
trap footing is considered (fig. 7 - 33 )- 


P _ 1113 

A ■ 197-5 


5.63 ksf 


(tables 7.12 and 7.13) 


^ 21)82(22. 5^) 

.1 " 55,290 


= 1.00 ksf 



Figure 7.33. Vertical forces and soil pressure on foundation 


..e soil pressure variation is shown in figure 7.33£>’- The soil pressure 
•i-tipiied by the footing width gives the soil load per foot (fig. 7.33b). 
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EM -■ 


M = total overturning nioment on foundation 

c = distance to extreme point on foundation from 

1 ). 

I = moment of inertia of foundation = 55,290 ft 
Introducing the P and M data from table 7.13 into 
fcr P (above) shows that the soil pressures and the prelii’’^'**'"’ 
tbe foundation elements are satisfactory. 

g. Design of Foundation Members. In a coniplete desigr''-' " 
te necessary to determine stresses at, various times in order I'' * 
the critical condition. Ofo illustrate the. procedure it is sun'i ' 
cc23pute stresses at only one time. 

The column strap footing is designed for the stress cowlH 
t = 0.055 sec. One bay of the foundation I8 ft wide centered . 
strap footing is considered (fig. 7.33). 

A 197.5 


_ 2k62(22.5h) 

.1 " 55,290 


= 1.00 ksf 


(tables 7.12 and 7.13) 



0. Son Pressure Dfogrom 


^^•’nCQl Fortes 


Figure 7.33. Vertical forces ar^d soil pressure on foundation 

- pressure variation is shown in figure 7.33a m. 
--Plied by the footing width gives the soil load per pir;,; 


19. 5i^)- 

25) 


lly as- 
b ending 
aced "by 
ied 
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In H^mr0s 7*33 s^nd. 7*3^ 9<11 ttiG fox’css 3,nd. uioiiiGii'ts sictj 
foundation at time t = 0.055 sec are shown. They are as folic 
Front wall = rear wall = 122.8/2 = 61.4 kips (par. 7.27( 
Colimm strap footing = 37-5/40 = 0.94 kip-ft (par. 7-27C 
Front footing blast load = 21.0 kips (table 7.I3) 

Rear footing blast load =4-9 kips (fig, 7.32) 

Column load (3-35 + 93C)/3 = 313 kips (table 7.10)(fig. 
Moment at base of front wall = 944 kip-ft (table 7. 13) 
Moment at base of rear wall = 225 kip-ft (table 7.13) 
Shear at base of front wall = "" ^^(22-9) = 4l3 ki] 

Friction at ba:',e of footing = 557 kips (table 7.12) 


I. 2B‘ 

? 0 . 0 * 

944kip-ftJ^- ?'55kip ft 
413 k 521“ 




20.0 


rl.28' 

• t.26’ 


7r 


?35kip ft ^ 225kip-ft 


250 


0 Applied Moments nnd Lott‘rol 5heors 


1.79’ 

2.5' -1 




3 5 


lii. ') 


1.79‘ 

-liM - 2.5* 

/3.9 


The moments i 
the front and rear 
sinned to be transn 
colnmn strap footii 
conservative procei 
strap footing sino 
at the base of the 
provided continuou 


52.7 


mil. 


I 10 45 1 2 3 

i ^ B ^ 


b Moment (Wtp ft/f1)ob(jut OntffUnf of 
f" 00 1 1 ofj () i) n to * (to - f ? V c 1 1 o n 

h u\nJ(' mi>viriits tirul .shrars 


The friction 
sinned to he distri 
the base proportio 
total vertical soi 
example between pc 

w = ^ 

= 210.8 ki 


V r . 


;( ',,.1 kip:', (table 7-12) 


Ti'c .:>■ -k 1 -ni;;'. i liered below. 

Chca:- F, 


y, ifja<i;' 

V 


fiai;:- up (I'lg- 7- 33 b) 


4.9 * 


11Q.34 + 1173 
2 


■ ..h . ;-;:i t : '>(0.9'*) - (' 
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JL = 396.5 - 587-1 = -190*8 kips 
V = -190.6(1.5) = -286 kips 


ffi'.es 


Point G 




JL = 66.3 - 295-9 = -229.6 kips 
1.5 

V = 1.5(-229.6) = -3^ kips 
iifr'-pnt Point C (figs. 7-33 and 7-3^) 

JL = 944 + 413(1.25) + 235 + 32(1.25) + 52.7(2.5) + 

iO 

^ 83.34 + 85.32 j 2^^ ^^5^ -21(2.14) - 61.4(1.28) 


= 2007 
1.5 

M = 3010 kip-ft 

Mcnent Point E (figs. 7*33 and 7-3^) 

JL = -225 - 65(1.25) + 235 + 32(1.25) + 73.9(2.5) + 

14.17(1.79) + 9. ^9(18. 5) +^-9(20.39) +61.4(19.53) + 

313(18.25) + 0.94(18. 29)(9.i4) - ( 2.5)(i9.54) - 

^22^82_+^2^j (1.79)(17.39) - ^LiL28_+_l6^j (l6.5)(8.25) 


M = 1577 kip-ft 

The footii}g strap is checked to determine if the sizes originally as- 
s'jned can he reinforced sufficiently. The sections are checked- for tending 
rrrent capacity by equation k.l 6 with the values of f^ and f^^ replaced by 
f , and f^^ respectively, because the loads are considered to be applied 

statically. 



, assume d = 30 
(eq 4.l6) 


For p = 0.02 

Mp = 0.02(2.5)30(40)30 [l 


0.02(40) 

1.7(lo) 


= 1520 kip-ft 
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Mp = 1520 kip-ft » 1577 kip-ftj OK 
Shear at this location = 286 kips 

Sv 

Shesir stress = v = (eq 4.23) 


V 


8(286)100 0 

= 7(30)36“ 


= 363 psi 


For no web reinforcement, allowable v = 0.04f * 

= 0.04(3000) + (5000)0.02 


“*■ 5000p (eq^ ll^2i 


= 120 + 100 = 220 psi 

Stirrups are supplied to' provide (363 - 220 = 143 psi) additior 
quired shear strength. 

rfy = 143 (eq 4.24) 

■ 15^ - 

= 1.29 sq in. /ft 

Section at Point C - h =3-5 ft, assume d = 30 in. 

Mp = pbdfyd ^1 - 3^^ (eq 4.16) 

For p =0.03 _ 

Mp = 0.03(3.5)30(40)30 1^1 - 

Mp = 2900 kip-ft «5 3010 kip-ft; OK 


Maximum shear occurs at point G. This location has same cross 
tion as point C. For reversal of load on structure maximum shear vc 
cur at point C (V = 344 kips). 


Shear stress = v 


8V 

Tbd 


(eq 4.23) 


8(344)1000 

7(42)30 


= 312 psi 


If no shear reinforcement is used, the allowable v = 0.04r + 


5000p (eq 4.24b). 

V = 0.04(3000) + 5000(0.03) = 120 + 150 = 270 psi 

Shear reinforcement equal to (312 - 270 = 42 Psi) is provided 
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l-21b 


= rbs = 0.000925(^2)12 = 0.47 sq. in./ft 
Since the critical sections are capable of resisting moments and 
-v-ears the entire fomdation footing strap conld be reinforced in propor- 
to momepts and shears. The wall footings need only nominal reinforce- 
sest s^nce dimensions selected are much larger than necessary for calcu- 


lated soil pressure. 

]i. p yxigTntc Foundation 

Design. Bie dynamic design 
prccedure (par. 6-31c) usually 
results in a more economical 
design than the quasi-static 
procedure because the dynamic 
effects are computed rather 
thar conservatively estimated. 

Bie results of the 
quasi-static design, with 
certain modifications illus- 
trated in figure 7*35> will be 
used as a preliminary design 



in the dynamic design proce- of foundation 

d’jre. In this design the 

mil f(X)tiiigs axe pxaced eccentrically to assist in resisting overturning 
!xst effectively. 

Using the principles presented in paragraph 6.31e for the sliding and 
cvertiirning analysis, the horizontal acceleration and the angular ac- 
celeration about the longitudinal axis through the bottom of the footing 
are determined. The corresponding horizontal displacement x^ and the angu- 
lar displacement 6 are determined as a function of time by means of a 
zzzrsrrent numerical integration of eq,uations (6.9^) and (6.95)* 

M - F y 

2^ (eq 6 . 94 ) 

Iq - my 

F _ 

^o='F-V 
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Figure 7.36. Half cross section of building 


i. Ralar Moment of J' 

laertia Iq* ^ table 7*1^ l„ ^ * 

"tie polar^ment of inertia j.^ 6-67' " 

cf the total structure is | [".ll" ' ' l" l' * 

. • j- •’ 16.0 T ■ ' — 

ott&ined about point 0. 

location of each ele- 2032' 

sent in the x and y di- 
rections is Indicated in o.s' 

figure 7.36. Bie total mo- ^ ^ ^ 

jsent of inertia is the sum, -*-x * W 

for all elements, of the ^ 

Bozsents of inertia of each 

about its ovn SiXis •" ^ 

aai the moinent of inertia Figure 7.36. Half cross section of building 

of each element about the 

axis throu^ point ”0." The. inertial effect of the soil hetveen the front 
and rear footings is conservatively neglected. From table 7-1^ 

- Uny 72.21 Q q.3 

P 

I = I + I = ll44 + 2301)- = 3^^^ kip-sec /ft 
0 XX yy 

j. Ground Foundation Interaction. The rotation of the structure 
under the blast loads develops a resisting moment of the vertical soil 
pressures against the footings. The magnitude of this moment reaction 
•which tends to resist the overturning of the structure is given by = B© 
where 

B = - - - - p " (lA (ecL 4.59) 

Ml - v^) 

To apply this formula to a specific structure the ratio ^net^^gross 
rust he determined, where I . is the moment of inertia of the actual foot- 


ends to resist the overturning of the structure is given by = B6 


net' gross 

is the moment of inertia of the actual foot- 


iLg area and I is the moment of inertia of a solid rectangular area 

gross 

extending over the entire extent of the footings, both quantities being 

evaluated about the longitudinal axis of rotation (par* 4-15d). The net 

cverturning resistance of the soil is given by the product of equation 

(4.59) and the ratio I ./l 

net' gross 
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- (1/I2)b^d^3 ^^^^3 

Voss (1/I2)l)d3 


where, from figure 7-35, 
h = 18.0 ft 
d = 45.0 ft 


= 18.0 - 2.5 = 15.5 ft 


d^ = 45.0 - 2(2.0) = 4l.O ft 


L = d/2 = 45/2 = 22.5 ft 


net 


, 1 . 0. 


'■gross 18.0(45.0)^ 

For an l8-ft typical bay 

>2 


348 


®gross ' (22.5)® 18 = 46.1(10)® klp-tt/Mi 

Sross _ 0 . 333 ^) 


Vt ■ 


■gross ■ (0-348)46.1(10)® = 16.1(10)® idp.fl 


k. Dynajnic Analysis. The dynamic rigid body sliding and o' 
analysis is performed in table T-15* A simultaneous numerical in- 
is performed to obtain the time history of the rigid body rotatio: 
the rigid body translation x^. The acceleration impulse extrapol 
method (eq. 5.49) is used for the dynamic analysis in the form 

i2 


(O’n . 1 ' - <«>n - 1 


(>‘o>n . 1 = ®'"o>n - <’‘c,>n - 1 " 


vhere 


(x ) = 

^ o'n 


(F ) 


o n 


- (a )„y 6.95) 


m ' o'n“ 

While the structure is sliding 


(“ol* 


(M ) - (F ) y 

(eq6.94) 


I - my 


where 

(M ) = moment of all external forces about axis of rotat. 

' o ■'n 

at time n . 

(F ) = summation of all external horizontal forces apph 

° structure at time n 
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"While the structure is not sliding 

(M ) 

o 

In table 7-15, is the summation of external moments about 
point of rotation excluding horizontal footing projection moments 
blast loads on front and back footing projections are obtained by 1 
pressure values from figures 7 . 9 and 7 . 10, respectively, by 
9 /i2[i44p(i8)/iooo] = 1.95P- 

The lateral passive soil pressixrQ force Fp is considered to 1 
linearly vith displacement from zero to a peak value at x = 0.04 h 
= 0.04(4.48) = 0.179 ft. 

From paragraph 7-27 the maximum available force is Fp = l8i . 
= 283 kips, vhere passive pressure on rear face gives [l8(lo)(o.l)( 
= 181 and friction between wall footings gives 0.5(0.1)15.5(4.1(3 . 
= 102. Thus at any displacement x , the passive force is F^, =(28 
= 158OX. This is the value with no pressure on the soil at the res 
building. If there is blast pressure on the soil at the rear, the 
force increases. The additional passive force can be determined ft 
surcharge equivalent of the overpressure, thus AFp = (blast los 
= [lO(l44)P^^^j^(l8)4.48]/lOOO = 116 p^^^j^. in table 7-15 the lateral 

f 

ceases before the blast wave begins to load the soil at the rear of 
building and the passive force is considered to remain at a constar 

The effect of the pressure on the soil is then considered as 


tive soil pressure force equal to one-fourth the passive force, or 


= 29P, 


back 


The centroid of Fp is at = 4.48/3 = 1-49 ft above the base of i 
ing, and the centroid of the blast pressure induced force is at 
= 4 . 49/2 = 2.24 ft above the base of the footing. 

The vertical load is obtained by adding the dead load of the 
foundation, and columns to the tabulated values of and the blas1 
on front and back footing projections. The partial dead load ohta] 
table 7 .i 4 is: 
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Columns 

3A 

Front wall 

^3-5 

Back wall 

^3-5 

Co limn strap 

4i.7 

Front wall footing 

14.4 

Back wall footing 

l4.4 


160.9 kips 

in tatle 7*15 column 18, when ^ 3_ > i*e. structure is sliding, 
. _ ^n^ _ colxjmn 11 - coluTim 17 

3^ - 8.18(8.83)^ 

(a ) = 0.0003559 (column. 11 - column 17) 

'on 

fcen \ ^ structure is not sliding, 

{%)^ = = 0.00029 (column 11 ) 

o 


The results of the numerical analysis in table 7.15 are: 

(1) Maxirnian rigid-body translation (x ) = 0.000778 ft. 

o m ‘ } 

(2) Maximum rigid-body rotation (o)^^ = O.OOO258 radians, 

(3) Vertical upward motion at the front = 0.000258(45/2) = O.OO58 ft. 
!I3iese motions sure negligible; the next step is to investigate soil 

ressures and member sizes. 

1' Design of Foundation Members. In a refined analysis it would be 

ecessary to determine stresses at various times in order to determine the 

ritical stress condition. However, to illustrate the procedvire in this 

esign, stresses are computed at only one time. 

Hie column strap footing is designed for the stress conditions at 

= >..060 sec. One bay of the foundation I8 ft wide centered on a column 

trap footing is considered. 

The soil pressure is computed from + ^^2. 

■A. I 

:iere 

P = total vertical load 

A = total area of foundation = 2(2.0)(l8) + 2.5(4l.O) = 174.5 sq. ft 
SB = 4158 kip-ft overturning reaction (table 7.I5) 
c = distance to extreme point on foundation = 45.0/2 = 22.5 ft 
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I = moment of inertia of foimdation 
I = 136,000 - 89,200 = 46,800 ft^ 


^ - -00 .s. 


table 7.15 




}' ifjirr T.At. ^ rrtirnl forces and soil pressure on foundation 

Tlic* ::oil pre;;ru’a*c nai.i tip .1 ied by the footing vidth gives the 
per foot. In I’igni'CG "{.j[ and 'f.jG Q-H ‘the forces and moments ac1 
the foundation at time t “ Q.C^O nec are shown. They are as folic 
FVont vail - hack vai’l ™ t3J47 kips (table T-l^) 

Wall footin(^ - lU.’f2 kips (table 7-1^) 

Column strap footing =: Ul. 66/41.0 = 1.02 kips/ft (table 7* 
Front footing blast load - I 9 kips (table 7*15) 

Back footing blast load. = 6.0 kips (table 7-15) 
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a. Applied Moments and Lateral Shears 



b. Moment ( kip - f t/ ft) obout Centerline of 
Footing Due to .Soil Friction 


Figure 7.38. Applied moments and shears and moment due to friction 


ColuMi load =(3.35 + 910 )/3 = 30^ kips (table 7 . 15 ) 

Moment at base of front wall = 583 kip-ft (table 7 . 13 ) 

^foinent at base of back wall = 317 kip-ft (table 7*13) 

Shear at base of front wall = l8V p^ = 18(18.9) = 3^0 kips (table 7 * 2 ) 
Shear at base of back wall = iSV^^^ = 18 ( 4 . 9 ) = 88 kips (table 7 . 1 l) 
Friction at base of footiiig = 548 kips (table 7 * 15 ) 

ColjEn shear = IO2/3 = 34 kips (fig. 7 . 29 ) 

Cclninn base moments = 74 l /3 = 247 kip-ft (table 7.13) 

Fhe moments at the base of the front and back walls are ass-umed to be 
transmitted to the colimin strap footing. This is a conservative procedure 
for the strap footing since the fixity at the base of the wall must be pro- 
vide! continuously along the wall. 

Tne friction force is assumed to be distributed along the base in 
prcicrtion to the total vertical soil pressure. For example, between points 

A and 3 


W = 77. 0 + 80.2 


(2.0) = 157.2 kips 
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Friction = (548) = 78.8 ^,3 

In figure 7.38b the moment about the centerline of foot! 
soil friction is equal to 2.67/2 (friction force per foot) 

A and B the moment equals 78.8/2 x 2.67/2 = 52.5 kip-ft/ft n 
sections are considered below. 

Shear Point C 

V = 2 loads down - Z loads up (fig. 7.37b) 

V = [6.0 + 14.4 + 43.5 + 304 + 20.5(1.02)] - 

[iA2,o^iA5i8 (,.o) , 15,6^ 

V = (388.8 - 661.8) = -273 kips 
Shear Point D 

V = [6.0 + 14.4 + 43.5] - (2.0) 

=63.9 - 294.8 = -230.9 kips 

Moment Point B' 

i. n ., • 

M = 583 + 3^0(1.34) + 247 + 34(1.34) + 52.5(2.0) +8.9(0. 

(2.0)(1.5) + 11.1(0.5)0.25 - 19.0(2.12)- 

43.5(1.29) 

M = 1559.8 kip-ft 
Moment Point C 

M = 5B3 + 340(1.34) + 24? + 34(1.34) + 247 + 34(1.34) +5 

8.9(20.5) + (2.0)21.5 + (20.5 

19(22.12) - 14.4(21.5) - 43.5(21.29) - 304(20.0) - 
1.02(20.5) 

M = 145.8 kip-ft 

An approximate check is made to determine if the sizes as 
be reinforced sxifficiently. The bending moment capacity of the 
strap is based on equation (4.l6) with f^ and f^^ replaced hy 
respectively, because the soil pressure loads are considered as 
loads. 
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7-2^* 

at Point B' b = 2.5 ft, assume d = 30 in. 

My = pbd fyd ^1 - (eq. 4.16) 

For p = 0.020 

Kp . 0.020(2.5)30(40)30 [1 - 

My = 1518 kip-ft, 1518 1580 ft-kips; OK, section can be reinforced 

Shear is investigated at point D. The cross section is the same as 
at point B. If the initial blast load is from the opposite direction the 
shear occurs at point B(V = 23 I kips) 

8v 

Siiear stress = v = (eq. 4.23) 


V 


8(231)1000 

7(30)30 


= 293 psi 


If no vet reinforcement is used the 
allovable v = 0.04f^ + 5000p (eq 4.24b) 

= C. 04(3000) + 5000(0.020) = 220 psi, 220 < 293 Psi; •*. stirrups are 
needed to supply 293 - ^20 = 73 Psi 


k = rbs = 0.00183(30)12 = 0.659 sq in. /ft 
Section at Point C h = 2.5 ft, assume d = 30 in. 

My = pbd fyd ^1 - (eq 4.16) 

For minimum steel, p = O.OO6 (par. 4.10a) 

My = 0.006(2.5)30(40)30 1^1 - j 

Mp = 514.6 kip-ft 


5i4.6 > 145.8 kip-ft; OK 


Shear at this location = 273 kips 
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Shear stress v = WF ■ PS. 

Allowable v = 0.04f^ + 500Qp (eq. l|-.24a) 

= 0.04(3000) + 5000(0*006) = 150 psi 

Stirrups must be provided to supply (347 - 150 = 197 
web reinforcement. 

r = 197/40,000 = 0.00493 

= rbs = 0.00493(30)12 = 1.77 sq in./ft 

Since the footing strap is of constant cross section in this 
other locations of the strap can be reinforced sufficiently, in tt 
ticular design the earth passive pressure effect could have been ne 
since a much greater resistance to sliding was supplied by the fric 
effect of the soil. In general, however, the passive pressure effe 
should not be neglected because in certain cases the principal resi 
to sliding is supplied by the passive pressure. 

The results of the dynamic analysis indicate the development 
maximum soil pressure which is much lower than the permissible vah 
the requirement of relatively high percentage of reinforcement in t 
column strap footing. Because of these, another cycle of design fc 
refinement might include a reduction in plan area of all foundation 
HTif^ an increased depth of column strap footing. In addition, the d 
foundation below ground surface could be reduced, if need be, becan 
use is made of the potential passive pressure. 

NUMERICAL EXAMPLE, DESIGN OF A ONE-STORY STEEL 
FRAME BUILDING - ELASTIC BEHAVIOR 


7-28 GENERAL. This numerical example presents an elastic design 0 
typical bay of a windowless one-story, steel, rigid-frame building 
inforced concrete walls and roof. Included is the design of a typi 
slab, roof slab, girder, and column of the building (fig. 7.39)‘ 
One-way reinforced concrete slabs are used for both the wall 
roof deck. The roof slab is supported by structural steel purlins, 
girders and columns of the frame are structural steel sections join 
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ng to provide moment-resisting connections. 

fo-undation design is presented. Reference is made to paragraph 
for an illustration of this design procedure. 
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Figure 7.39. Plan and section of building 

"'-29 DESIGN EROCEDURE, Ihe steps in the design procedure are as follows: 

Step 1 . Estimate the sizes of all structural elements which deter- 
cine the over -all dimensions of the building. 

Step 2 . Confute and plot the time relationship for the incident 
:verpressure, the front face overpressure, the rear face overpressure, the 
cet lateral overpressure, and the average roof overpressure in accordance 
with EM 1110-3^5-^13 procedures. 

Step 3. Design the wall slab using the procedure of paragraph 6-12 
and an idealized triangular load vs time curve derived from the front face 
nverpressure vs time curve. Check the design using the actual time varia- 
nicr. of front face overpressure in a numerical integration. From this 
ana-ysis obtain the dynamic reaction on the roof slab. 
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Step 4. Follow the same procedure as for step 3 for the 
and the purlin design. In both preliminary designs the incident 
pressure is idealized by a triangular load-time curve mho 

* • xLLe irUTT iQ ; 

tegration check of the preliminary roof slab is performed using 
dent overpressure curve. The numerical integration check of the 
is based on the dynamic reactions from the slab giving due coush 
to the effect of blast wave direction on the purlin loads. 

Step 5. Make a preliminary design of the column assuming 1 
to be infinitely rigid and neglecting the effect of axial load 01 
column. As in all other preliminary designs, an idealized load-t 
is used. This load is obtained from the net lateral overpressure 

Step 6. Design the girder using an idealized load derived 
purlin dy n a mi c reactions and check by a numerical integration usi 
purlin dynamic reactions directly. 

Step 7. Check the. column design by a numerical integratior 
ing the relative flexibility of the column and girder and the eff 
axial load on the column. For the load use the dynamic reactions 
wall slab. 

7-30 LOAD DETERMINATIOIT. The computation of loads is explained 
EM 1110-345-413 and illustrated again in paragraph 7-I9 for a one 
building. In this example the necessary load curves are presente 
any explanation or computation. The design overpressure of 10 ps 
selected eirbitrarily for this example. 

The overpressure vs time curves that are presented are: 

( 1 ) Incident overpressure vs time (fig. 7-4o) 

(2) Front face overpressure vs time (fig. 7-4l) 

(3) Rean face overpressure vs time (fig. 7*42) 

(4) Net lateral overpressuu-e vs time (fig. 7-43) 

(5) Average roof overpressure vs time (fig. 7*44) 
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Figure 7,40. Incident overpressure vs time curve 
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Figure 7.44. Average roof overpressure vs time curve 





(iscl)**''^ »0jnssajdJ5AO iojsidi *aN 


110 





Figure 7,44. Average roof overpressure vs time curve 
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7-31 DESIGN OF WALL SLAB. The vail slab is designed as a simple 
foot in width, spanning vertically between the foundation and the 
slab. The slab is designed so that a plastic hinge will be devel 
midspan when the slab is siibjected to the design loading. This s 
dition is considered to be the limit of the elastic range for pur 
this manual. 




at 


ll.67‘ 




L = ll.67' 


The preliminary elastic de 
cedure is outlined and then illu 
an exan^ile in paragraph 6-12. 1 
load stresses are neglected for 
wall. The slab thickness is sel 
as to illustrate a procedure for 
slabs which are critical for she 
To reduce the shear stress a thi 
might be used. 

The design span length is 


the clear height of the wall between foundation and roof. 

a. Design loading. The design load as idealized from the 
loading shown by figure 7.4l is defined by: 


B = B5.3 
= 4-2.6 kips 
T = 0.046 sec 



Time (sec) 


b. Elastic Range Dynamic Design Factor s« (Refer to table 

K^=0.6k, Kj^= 0 . 50 , = 


R = 
m 


8Mp 


, _ 384eI 
5L^ 


V = 0.39R 


c. First Tfial - Actual Properties# 

Assume D.L.F. =1.7 (experience) 

R^ = D.L.F.(b) = 1*7(^2.6) = 7^*5 kips (par. 6-ll) 
Assume p = 0.015 
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«P • 


L l-T^doJ 


(eq 4.16) 


= 0.015(52)(l)<i^ jl - = 0.688a^ kip-ft (d in Indies) 

^ _ (8)0.688d _ J2.3, /. d = 12.4 in. 

11.67 * 


K=-t 

m h 


Tty ti = l4.0 in. ^ 
p = 0 . 015 , 


d = 12.5 in., 

np = 0.15 
^2 


N0.8 




: • . ... • A'- 

r-2 

^ 14.0'* 

^ [ « 

No. 2 Ties ^3/4 Cover 

l'.5" 


It ' “ 


Mp . 0.688a^ = 0.688(12.5) - W-S kip-ft 

\ T ' ^ 3.7 kip= 

= 111^/12 = (l4.0)^ = 2740 in.^ 

[3 + np(l - k)^] = 12(d)3 + 0.15(1 - 0.42)^] 

= 0.905d^ = 0.905(12.5)^ = 1770 in.^ 

I = 0.5(1 + 1+) = 0.5(2740 + 1770) = 2255 in.^ 

^ _ 384eI _ ( 384 )3Cip^ 2270 kips/ft 

5L^ 5(11.67)^(144) 

= kips 

Mass m = = O.O634 kip-sec^/ft 


d. First Trial - Ecluivalent Properties* 
kg = Kj^k = 0.64(2270) = l450 kips/ft (eq 6.6) 

“e "" ^ 0.50(0.0634) = 0.0317 kip-sec^/ft (eq 6.8) 

"" 8.28-^0.0317/1450 = 0.0293 sec (eq 6.l4) 


e. First Trial - Available Resistance vs Required Resistance. 

= t/t^ = 0.02*6/0.0293 = 1.57 

D.L.F. = 1.7 (fig. 5.20) 

t^T = 0.3 (fig. 5.20) 

t^ = 0.3(0.046) = 0.0138 sec 
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Idealized load is satisfactory replacement for 
cnnre up to t = 0.OI38 sec (par. 5-13) 

Eewlred = D.1 .p.(b) . - 70 , 

H>e required < available B .therefore "the"'’', 
satisfactory as a preliminary desigj. selected projprt 

-^»^^bhrv nest ^ far 

At t^ = 0.0138 sec, p = -(18.5)11.67(mt' 

1000 - 31.0 kips (fig 71, 

- 0.39\ + O.llP = 0.39(72.5) + 0.11(31 0) = pft o 
Allowable u = O.lSf ' - o . ^ + 3-4 = 31 


1 

c 

1 

Hf.' 

[ 12.5- 

nsi 

[m.O 


^par. 4-09) 

Eo = -L == Q (31, 700) ^ , 

ujd 550(7)12:5 = 6-55 in. 

Isy #9 at 5-1/2 in., A. 2.18 3,.. 

^ 


P = A /bd - 2, 18 

s - 15(12,57 = np = 10(0.0155) = 0.155 

— 9^^™iDation of MaxiTrm m Deflection a tv, 

Numerical ^tegratlo,^ ^ ' ,^d I)ynamie Reaction 

Ig - bh3/l2 , (n.ojS . 2740 in.** 


It = bd 3 [|. 1 apd . h)8j . 12(12.5,5 Ro,^ ^ 

= 1720 in.^ L ^ 


= 1720 in.^ 

^a = 0 . 5 (lg + l^) = 0.5(2750 1720) = 2230 in.^ 

Weight = -^( 1 ^ 0 ) 11 . ^7 

12(1000) - 2.05 kips 

Mass m = 5n2!!; _ o 2 / 

32.2 - 0.0634 kip- sec /ft 

,2 


Mp - Pfiybd 


1 -t^SslI 

L ^-TldcJ 


R 


in 


W V4.v„ J 

= (0-0155)(52)(i)( 12.5)2 r _ 0.0155(-52) '[ 
= 105.5 kip-ft (eq 4.16) ^-^ 3.9 J 

8Mp 

= -r - veight = 8Il^ . 2.04 



■Maximun 


Xe 

Deflection 


1 —aoc , 

71. S - 2.04 » 69.6 kips 


Figure 7.45. Resi 
tion for 14'-in. sla 
11.67 ft as a sir 


llh 
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V = ^ i 38 , ^)3(lQ) , 2 g 30 ^ 2250 klps/ft 

5L^ 5(11.67 ri^ 

Je = “ 

Table 7 16. Determination of Maximum Deflection and Dynamic Reactions for Front Wall Slab 


: t 
: (sec) 

P 

n 

(kips) 

E 

n 

(kips) 

P - E 
n n 

(kips) 

y,(At)2 

(ft) 

^n 

(ft) 

V 

n 

(kips) 

: 0 

42.6 

0 

21.3 

0.00388 

0 

4.9 

0.003 

39.5 

8.7 

30.8 

0.00561 

0. 00388 

7.7 

; C.OO6 

36.6 

30.1 

6.5 

0.00118 

0.01337 

15.7 

C.OO9 

33.7 

54.1 

-20.4 

-0.00371 

0.024 o 4 

24.8 

. C.012 

30.8 

69.6 

-38.8 

-0.00834 

0. 03100* 

30.1 

0.015 

27.8 

66.7 

-38.9 

-0.00834 

0.02962 

29.0 

^ 0.018 

25.0 

24.8 

+0.2 

+0.00004 

0.01^9 

12.4 


* (y ) = 0.031 ft 

'■•^n max 


The basic equation for the numerical integration in table 7.16 is 
+ 1 = ^n ■ ^n - 1 5-3) -where 


•y^(At) = 


(P^ - R )(Atr 


(P^ - R^)(0.003) 




0.78(0.0634) “ 1.818(10 


-4 


Xp - R ) 

n' 


ft 


The time inteorval At = 0*003 sec is approximately equal to 

(par. 5“08). The dynamic reaction equation is given in paragraph. 7“31b* 

uhe P values for column 2 are obtained from figure 7*^1^ multiplying by 

iyf(ll.67)/lOOO = 1.68 to obtain load in kips. 

The maximum deflection (y^ ) TnHy ^ confuted in table 7*l6, is O.O3I ft 

'Which is equal to the allovable y of O.O3I ft. 

m 

h. Shear Strength and Bond Stress. 

"^max “ 30.1 kips (table 7*l6) 

For no shear reinforcement 

Allowable v = O.O^if * + 5000p (eq 4.24) 
y c 

Vy = 0.04(3000) + 5000(0.0145) = 120 + 72.5 = 192.5 psi 

■V = = Y(4p^(ip^3) ' “ therefore shear reinforcement re- 

quired for 229 - 192.5 = 37 psi. 
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1 #3, A = 0.11 

o 

r = A^/bs . 0^ . OMl, 

/. s = 10 in, 

u = = Q(30,ioo) 

Tsod T{7-72)12‘.5 

= 356 psi; OK 

Allowable u = 0.15f' 

= 0.15(3000) = 450 psi 
i. Summary. 
lA-in. slab 
p = 0.0145 
Zo = 7.72 in. 

Shear reinforcement ties 

7_32 PKPIGN of roof SIAB» The design of the roof slab is similar to tb 
design of the wall slab in paragraph 7-31 except for the load considera- 
tions and the inclusion of dead load stresses. 

This roof slab is sup- 
ported on purlins spaced at 
5 ft 4 in. so as to load the 
girder at the third points. 

The design load is based on the 
incident overpressure curve 
(fig. 7*4 o) which results from 
the blast wave moving normal to 
the span direction of the slab. 

The load is uniformly distributed along the slab and varying with time. 
Adjacent slab elements axe loaded progressively; however, the shock vav£ 
speed is such that the entire slab may be considered to be loaded at one 
The slab is continuous over the purlins; however, it is designed e 
a single span fixed at both ends according to the proced'ures of paragrai 
7-11. The span length of the beam is the centerline spacing of the piffj 
The design is based on a one-foot width of slab. 
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L = 5.33 



at 10 -in. alternate bars. 
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a,. Design loading. The design load as idealized 
from the coii5)uted loading shown hy figure 7.40 is defined 

ty: 

B = 10 psi = = '^•^9 kips 

T = 0.38 sec 

t. 'Rin-stic Range Dynamic Design Factors. (Refer 
to table 6.1. ) 

K^=0.53, IS^ = 0.4l, K^ = 0.77 

12Mp ^ 384 eI 

R = -T~’ ^ " T 

ml jJ 

V = 0.36Rj^ + 

c. First Trial - Actual Properties. 

Assume D.L.F. = 2.0 (experience) 

R = D.L.F. (B) = 2.0(7.69) = 15.38 kips (par. 6-II) 
m 

Assume p = 0.015 



Bp = PV^' 


(1 - 


(eq. 4.16) 


= 0.015(52)(l)d^ 1 - (d in inches: 


(I2)0.688d^ 
\ - L ■ 5.33 


1 1 


[■ • , 


1 3 !” 

^ 

A 

!_ 

1 / r ^ 

^No.4 of 3y 


1 V' 

over 


= 15.38, .’. d = 3.1^ In. 

Try h = 4-l/4 in., d = 3-lA In., 


p = 0.015, np = 0.15 

Mp = 0.688d^ = 0.688(3.25)^ = 7.26 


_ _ 12(7.26) 

L - 5.33 


= 16.35 kips 


kip-ft 


I = bhVl 2 = ( 4 . 25 )^ = 76.5 in.^ 

S “1 

. bP + np(l - kf] . 12 (d )3 + 0 . 15(1 - 0.42 

= 0.905d2 = 0.905(3.25)^ = 31.0 in.^ ^ 

I = 0 . 5 (I„ + 1 +) = 0.5(31.0 + 76.5) = 53.7 in. 

8* go 

k = 38to ^ ( 384 ) 3 ( 10 ^) 53 . J ^ 2840 kips/ft 

(5.33)^!^ 
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Wei^t = ^ ^ q 1 5.33 ^ . ,j)lt' ;,,,,. 

L 12 J 1000 ~ ‘^♦314 kips af 'J 

Mass m = — ^ nnovc i • 2 / ' 

32.2 - 0*00975 kip-sec /ft 

~ Equival ent ProT^P-r+.-io.. 

\ - 0.53(284o) = 1505 kips/ft (eq. 6.6 > 0 ^^'^ 

= 0 . 4 ifo.nnQ 7 <^ ^ _ r\ , . C 3 . iL:;*- <‘j. 


,)lt' 




e X. icips/ft (eq. 6.6 > (W' ' ‘ ) 

»e " V - <>•'‘1(0.00975) - 0.004 IcLp-see^/ft 

T„ - = 6.26^0.004/1505 . 0.01025 !« („(,( 

D.L.F. = 2.0 (fig. 5.20) 

\/T «0 (fig. 5.20) 

*^in ^ sec 

“ '5.38 fcL-litx>.y «p, 
^^^^^S^SgSDe sign for Bond Stv.o . 


u J. <::: O a . 

At t = n p _ Xio)i44(5.^^ ^ 

” ’ ^ - 1000^ > 7.69 tips (fig. .jll') (..,,. , 

.0 = ^ . 8(6980° ~ ■ ^ ■’‘'- !'“■ *■ 


“ ■uj'i ~ 55 o( 7)(^.257 = 5.45 in. 
^#^t8-Vain., A .0.69 1P.^ ^, 5 ., 

p = A /bd = Q»6 q 

® ^5(3*25) "" -0176, np = 10(.0176) = 

- (‘>•^5)5 ■ 76.5 in.'' 


^ p + 2np - np ^ 0.444 


- [^ 1 np(l . ijs] . 12(3.25)3 roJOA^ 

= 34.5 in."^ ^ ^ 


■ °-5(Ig * It) - 0-5(76.5 1 34.5) . 55.5 in 
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7'32s 


Weight = 0 . 31 ^ kips 


Mass m = = 0*00975 kip-sec^/ft 


Mp = 


1 


= 0.0176(52 )(i)( 3.25) 

= 835 kip-ft (eq 4.l6) 


r 0*0176(52) ' 

' 1.7(3.9} , 


„ - veiglit - - 0.314 = 18.5 kips 

a L P • 

_ ^ . 384(3)(10)%5.5 . 25 0 
l 3 5.334 i 44) 

. - V' - M • ft 



^ep 

Deflection, y(ft) 


Figure 7.46. Resistance func- 
tion for a 4-1 /4-in. continuous 
slab spanning 5.33 ft 


The basic equation for the numerical integration in table 7. 17 is 
7n + 1 ^ yn(At)^ _ 1 (table 5.3) where 


2 


(P - R )10"^ , 

"" "" = 1.33 (10'^)(P^ - \) ft 


0.77(0.00975} 


The time interval At = 0,001 sec is approximately equal to T^/lO 


= 0.001025 (par. 5-08). The (iynajnic reaction equations are listed in 


Table 7.17. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab 


t 

(sec) 

p 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y„(At)2 

(ft) 

(ft) 

V 

n 

(kips ) 

0 

7.69 

0 

3*84 

0.00051 

0 

1.08 

0.001 

7*67 

1.49 

6.18 

0.00082 

0.00051 

1.61 

0.002 

7*65 

5*39 

2.26 

0.00030 

0.00184 

3.01 

0.003 

7*63 

10.17 

-2.5^ 

-0.00034 

0.00347 

4.73 

0.004 

7.61 

13*95 

-6.3i^ 

-0.00084 

0.00476 

6.08 

0.005 

7.59 

15*27 

- 7.68 

-0.00102 

0.00521* 

6.56 

0.006 

7*57 

13*60 

-6.03 

-0.00080 

0.00464 

5.96 

0.007 

7.54 

9*58 



0.00327 

4.50 

0.008 

7.51 

1 





* (Vmx ■ “-oosa ft. 
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paragraph T-ja. Th, values for the second coUs,c. are obtated t 

figure 7.40, multiplying by [i44 (5.33)(1)]/1000 = 0.7C0 to obf, 

kips. ' in 

Ibe maxiouo deflection (yj_^, computed 1„ table 7.17, Is 0 00,5 e 
This IS less than y^ = O.OO63 ft. Design Is satlsfactoity. ' ’ 

Sheax Strength and Bond Stret 


r»e <5 

... k.> k.> • 


^max " ^*5^ (table 7-17) 


For no shear reinforcement 


Allowable = 0.04f^ + 5000p (eq 4.24) 

\ = 0.04(3000) + 5000(0.0176) = 120 + 88 


2C« psi 


Qv _ 8(6560) 

t(" 12)(3.25) " no “iiear reinforcement requii 

8V 


1, . J)L _ 8(6560) . _ 

72b(i 7[5.4S.25 = psi 


Allouable u . O.lsr . 0.15(3000) = 1,50 pel; OK I'or bond 


4 1/4". 



i • Giunmary. 
4-,l/4-in. nlab 
P 0.0176 


,':o 5.4 in. 

No oheax reinforcement 


tbfglr^fff™^ u„b tbe to 

fl^es of the “oment-resisting connections. Hie t 

pport to the top compression flange. 

Although composite behavior of tbg. i v. 
develop to a limited extent i 

for independent behavior of' computations showed that desi 

rangement of slah P^lin is more desirable for this 

lin design neglects com'^^^t Accordingly, this 

® ects composite behavior. 

purlins are designed to pass iti+ 

not into the plastic range. -Ph4 ^ elasto-plastic range, 1 

that necessary to just develon +1 <aef lection is limited 

e plastic hinges at midspan. This po: 


120 


EM IIIO- 3 J+ 5-417 
15 Jan 58 


I 


indicated in figure 7-50 (page ^ 

1 ). Since the design proce- > 
es of this manual provide only 
single-span elements, this 
lin is designed as a fixed-end 
m spanning I 8 ft between 
der centerlines. 

a. Loading. For the blast wave moving normal to the long axis of 
tuilding and thus normal to the axis of the purlin, the loading may be 
gidered to he uniformly distributed along the length of the purlin. For 
s condition the pressure vs time variation at each point on the roof is 
imction of its position (par. 3-09). In addition the load on a purlin 
a, function of the length of the slab spans between purlins because the 
i on the purlin increases as the blast wave traverses the two adjoining 
bs. In the preliminary design of the purlins the design load is ob- 
ed from the incident overpressure curve (fig. 7 .^ 0 ) without modifica- 
n of any sort. The rise time of the load on the slab, the slab dynamic 
ctions, and local variation in overpressure on the slab are all neg- 
ted in this preliminary step. 

For the blast wave moving parallel to the long axis of the building 
thus parallel to the axis of the purlin, the load varies along the span 
a result of the time required for the blast wave to traverse the purlin 
n. At any point along the purlin the time variation of the load is the 
e and defined by the incident overpressure vs time curve (fig. 7 -^ 0 )» 

In the calculations that follow the load vs time curves for the pur- 
are obtained first for the blast wave moving parallel to the long axis 
the building and then for the blast wave moving parallel to the short 
■s of the building. 

The purlin obtained by the preliminary design procedure is then ana- 
:ed for both loads in tables 7*19 s-nd 7"20 (pages 124 and 126 ). 
ist wave moving parallel to the short axis of the building: 

The variation of the local overpressure at the centerlines of pur- 
js (a) and (b) during the critical time period for the purlins and 
:ders of this building is only slightly different from the incident 
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overpresstire ciirve (fig. 7.40). The detailed computations to show this 3 
not presented but are similar to the computations in paragraph 7-23a. Rjj 
erence to the example in pstragraph 7-23 emd comparison of the critical tii 
values of that example with the results of the following numerical analys^ 
(table 7.18) show that the incident overpress\xre is a satisfactory basis 
for determining the piirlin loading. 

Table 7.18. Determination of Dynamic Reactions for Roof Slab, Local Roof Overpressure at 
Centerline of Purlin (A) (Including Rise Time Correction) 


t 

(sec) 

p 

n 

(kips) 

E 

n 

(kips) 

P - R 
n n 

(kips) 

(ft) 

^n 

(ft) 

V 

n 

(kips) 

0 

0 

0 

0.31 

0.000041 

0 

0 

0.001 

2.01 

0.12 

1.89 

0.000251 

0.000041 

0.32 

0.002 

4.03 

0.98 

3.05 

o.ooo4a3 

0.000333 

0.91 

0.003 

6.04 

3.02 

3.02 

0.000402 

0.001031 

1.914 

0.004 

7.64 

6.24 

1.40 

0.000186 

0.002131 

3-32 

0.005 

7.62 

10.01 

-2.39 

-0.0003:18 

0.003417 

4.67 

0.006 

7.60 

12.85 

-5.25 

-O.OOOCjrjc] 

0.0014385 

5.69 

0.007 

7.57 

13.64 

-6.07 

—0. Oijij'jWf 

0.001+655 

5-97 

0.008 

7.55 

12.07 

-4.52 

-C.OGOf30i 

G.UOl4llS 

5.I41 

0.009 

0.010 

0.020 

0.030 

o.o4o 

7.53 

7.51 

7.31 

7.11 

6.91 

8.73 

4.93 

-1.20 

-0.0001 60 

C.0029cj0 

0.001682 

4.19 

3-76 

3.65 

3.55 

3.45 


The roof slab is analyzed in table 7.I8 for the modified incident 
overpressure curve presented in figure 7.47. The anajysis in table 7-l8 
is based on the following data developed in paragi-apli 7-32. 

Elastic range: y (Atf = 1.33(lO“^)(P - R ) ft 

k = 2930 kips/ft 

= 0.0063 ft 

\ = 18*5 kips 

= 0.36R^ + o.i4p^ 

putation is performed to obtain the slab dynamic reactions on th 
The dynamic reactions of the slab for the overpressure veiriatic 
ac purlins (A) and (b) are the same for the time range considered, becam 
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Figure 7.47. Incident overpressure curve 
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^ „ ^-lie sla-b occurs before there is any appreciate 

the at points (A) nnd (B). 

difference m purlins (A) and (b) the dynamic reac- 

7.18 are plotted in figure 7.48. The total pnni, 
tion data from reactions of the slabs forvard and aft of 

load is eq.ual to Y 43 it may be seen that the same dynamic reactions 

the purllii* in 
are plotted with a thne Ing 


, _ = 0.0038 

^lag - l5^ 


sec 


lag 

e n, fiAor. 7.W uond in tallu 7- 19 to choct the 
Ihe loain from figure I 


preliminajy 


purlin design 


Table 7.19. Deuminauon /'f 


and i 


t 

(sec) 

p 

n 

(kips) 

R 

n 

(kips) 

p - H 
n n 

(kips) 

0 

0.003 

o.oo6 

0.009 

0.012 

0.015 

0.018 

0.021 

0.024 

0 

36.0 

120.6 

162.0 

162.0 

133.2 

132.3 

131.0 
120.6 

0 

2.3 

18.7 

77.7 
155.6 

175-0 
1'X}.9 
202 .0 
205.0 

5.6 

33.7 
101.9 
Sik . 

6.k 

-kL.h 

-58.0 

1 -71.0 

i 

0.027 

128.3 

193. ' 

! - ' • ^ 

1 8 

0.030 

0.033 

126.9 

125.6 

155.2 

lOk.7 

1 

j 

0.036 

12k. 2 


1 

1 0.039 

122.9 





*(y ) = 

nax 

Oj ) i >0 -t. 



V ( . t -y 

(ft) 

. . 

^n 

(ft) 

\ 

(kipa) 

1 

0.(XX)33 , 

0 

0 

o.ooioft j 

0.00033 

5.9 

O.OtX'/KJ 

0.0026k 

23.6 

O.OA)kM; 

0.01095 

50.T 

() . C'K 

0.02k22 

78.5 

-(i.ijop.k i 

0.03786 

82.9 


1 0.0k907 

89.0 

1 - 1 . iiOU 1 

'i 0.05687 

93.2 

1 s 

(3.0605k* 

93.'* 

i 

j 0.05896 

87.7 


1 0.05352 

73.6 


o.OkOkl 

62.8 

; 

I 

62.1 

1 

1 

! 

61.^ 


Blast vave moving para.. — 

The design load on the pur. .:. . 
slab dynamic reactions obtain(;t. 

The variation of the average .tjai* 
troducing the time lag 


Mm' ;ui. •uinG; 

I'iRure 7.l9 using* 
i ' 'nt overpressure. 

u'.l.:. t’.me is foundry* 
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Elasto-Plasti^ range: 

= 0.61+, 


IS< ' 


3814-EI 

''eP=V 

V = O.39R + 

Average values: Nn q _ 0 SB 

jr = (0.53 + 0.64)0.5 - 0'^ 

^ _ (0.41 + 0 . 50 ) 0.5 = 0.45 
4,(o.n.o-78)o-5.o-'rf 

22Mp 

\ = 'IT' 

264EI 

h" j} 

c. Elrst T^rij OjLActml^^ 

lel ^ ^ 

•n T T? - 2.0 (Uid 
Assume D.L.J;. - ‘^* 

R = D.L.F.{b) = 2.C(13" ) • ’ 

m .. ^ r-n- ■ , )' • 


1.05(4 1.- 


Mp = l'050f(Jy 

22^^ _(22)3-’-i 

\ = L " !'■' 

liy 16 W- 40, i/'t*- 

I = 515.5 

Mp • °-5‘dyO * 

221^ _ 22(23'' ! 


" 1 


264EI _ (264 )'0- 


■(.4-,* 



Wei^t = 


Mass Hi - 22.2 ^ 
d. First Trv>> ■ , 


/t 


I va ij. 


Kj^ - 0.78 


icfui 0 lut! i ' 'r-es (experience) 
(wu*. '^-.-) 

t.-i;' i -Ot ( 0 . In in.^) (e(il|.2a) 


64.4 in.^ 
3 

5 in.^ 


C..k kips 


■n'/v (-1 
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®e ~ ~ 0.45(0.1985) = 0.0894 kip-sec^/ft (eq. 6.8) 

= 2 n-y/mg/kg = 6.28-y/o.0894/2820 = O.O 353 sec (eq 6.l4) 

e. First 'Erial - Available Resistance vs Required Resistance. 

= t/T^ = 0.38/0.0353 = 10.8 

D.L.F. = 1.95 (fig. 5.20) 
t /T = 0.05 (fig. 5.20) 

= 0.05(0.38) = 0.019 sec 

Idealized load-time curve is satisfactory up to t^ (fig. 7.4o) 

Required R^^ = D.L.F.(b) = 1.95(138) = 269 kips 

Ttie required R^ < available R^j therefore the selected proportions 
axe satisfactory as a preliminary design. 

f . Preliminary Design for Shear Stress. 

At t^ = 0.019 sec, P = = 131 kips (fig. 7.4o) 

V = O.36R + O.llP = 0.36(269) + 0.11(131) = 111.4 kips 

V = = ( ' i6 )o!*^jd7 “ 22,700 psi (allowable v = 21,000 psi)(par. 4-05c) 


Since V = 111.4 kips is estimated it is desirable to continue with in- 
vestigation of 16 vf 4 o. 

g. Determination of Maximum Deflection and Dynamic Reactions by 
lumerical Integration. 

Mp = 0 . 5 f^y(S + Z) = 237 kip-ft 
Weight = 6.4 kips 
Mass m = O.I985 kip-sec^/ft 
Elastic range : 


12Mp 


Im 


weight = - 6.4 = 151.6 kips 


k, = ^ = (384)30(10)%15 .^ ^ 7100 kips/ft 
183 ( 144 ) 

kg = ICj^kp = 0.53(7100) = 3760 kips/ft 
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jn = lyn = 0.41(0.1985) = 0.0815 kip-sec^/ft 

T = = 6.28-^0.0815/3760 = 0.0292 sec 

■‘‘n Y e e 



= 205 


'I 

“t 

I k, = 7l00kips/ft 

I kep' 1 420 kips/ft 

I ye = 0.0214 ft 
' y,p= 0,059 ft 
KMoximum Deflection 


Elasto-plastic range: 

l 6 Mp 


it itp 

Deflection, y (ft) 


Figure 7, SO. ResistCLTice func’' 
ticn for 16 40 purlin 

spanning 18 ft 


K = 

m 


ep 


L 

384eI 

5L^ 


- uoight = . 6 

1 


ir~" - - 205 kips 

kj = 1420 kips/ft 

R, 


m 


im 


'm 


‘'ep 

205 


= 0.0214 + 


ep 


- 151 .6 

142(/ 


. ,;214 


+ 0.0376 = 0 . 059 : 


The basic equation for the numerica.'! inte^-atien :in tables 7 .I 9 and T.aOis 

V = y (At)^ + 2y^ - y„ . (table 5-3) where 
+ 1 ^ ^ n “ 1 

V'*) ' 




(P - Rn)9(io"'') 

0 . 77 ( 0 . 19 ^ 75 ) — " 9-' )(!,. - ft, elastic range 


yjj(At)" 


(P - R )9( io'' ') 

^ n n ^ 

0 . 78 ( 0 . iSf'^',:} 


1-:^^ ) ft, elasto-plastic 
range 


,2 

= oZU(67W^ 



) !'1.^ p.lar;tic range 


The time interval Yst = O.GO 3 G' 

5-08). The dynamic react ioii : 

table 7*20 the P values JVvr l.hf ; 
n 

7 .^9; multiplying by 2 x iB :::: t, 

purlin. In table 7 .I 9 vai 

figure 7 *^ 8 , multiplying by 

h. Shear Stress Check. 

V = 93.4 kips (table ?• 

V 93;4 00 


V = 


dt^ 16 ( 0 . 307 ) 


uei; . 
, tb^- 

19 ) 

9 , 00 r 
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Allowable v = 21,000 psij OK (par. 4-05c) 

i. Check Eroportions for Local Buckling, (par. 4-06d) 

16 W^40, h = 7.0, = 0.503 

a = 15.0, = 0.307 

Ij/t^ = 7.0/0.503 = 13.9 < 1^.0; OK 
a/t = 15.0/0.307 = ^9.0 > 30; NG 
Longitudinal stiffeners are required 

= 3/8 > 0.307 

hg/tg = 6; hg = 6tg = 6(3/8) = 2.25 in. 1 

Use 2 plates 3/8 in. by 2-1/4 in. full 
length welded continuously as described in 
paragraph 4-06d. 

c/t = (4.5)/0.307 = 1^.6 < 22; OK 
e/t = (l0.12)/0.307 = 33 < ^0; OK 
Weight of added stiffener plates = 5-7 Ib/ft 
7-3^ IMILIMIMRY DESIGN OF COLUMNS. A single -story frame subject to lat- 
eral load behaves essentially as a single-degree-of -freedom system with the 
column displaying the spring properties. It is therefore unnecessary to 
substitute an equivalent system for the original structure, and the mass 
and load factors that eire necessary in the design of beams and slabs are 
not used in the design of single-story frames. 

The preliminary elastic design procedure of paragraph 6-12 is used 
to determine the preliminary column size. The equations of paragraph 7-06 

are used in the pro- 
cedure of paragraph 
6-12 to replace some 
of the factors used 
in determining equiv- 
alent single-degree- 
of -freedom systems. 

For purposes 
of preliminary design 
the frame girders 
are assumed to be 
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infinitely rigid thus simplifying the determination of the column spring 
constant. For spring constant computation the effective column height is 
10.17 ft based on an assumed girder depth of 3 it and clear height of8.fi] 
ft. The clear height is used in determining the maximum resistance of the 
columns (par. 1-OS)’ 

In the preliminary design of steej- cojiunns It is desirable to he coj 
servative to allow for the factors wldeh ai’c neglected in the preliminary 
design. These factors are: (l) the ef iec.t ol direct stress on the piasth 
hinge moment and (2) the effect of girder flexibility. 

a. Design Loading. The design lateral load on the frame is obtained 
from the dynamic reactions at the top ol the .. roiit wall slab. However^ fer 
the preliminary design procedure it :i.r, rat i s factory to use the net lateral 
overpressure curve (fig. 7.43). In thir. ea:-,e tiic total concentrated lateral 
load on the frame is the product of (. )('■• ■ effective wall 

height determining the frame load ir, oituinci fron: tin- wall clear height 


and roof slab thickness 



Time (sec) 


Ttic der/iKr. 
loading shown i y 


h’ 



lad rx;; 1 n 'a 




'.fti VviMh the computed 
i by 

^ 1*05 kips 


T = 0.046 sec 


h. Mass Computation. 

Vails ^bl-67)2( l 8 )l>0 

12(1000} 


Roof slab 


' 4.25(15 

12 


-f ^ ) 




1000 ' *'• 

Girders (estimated) 


Columns (estimated) 


15C (■:.■'/ )4 


loot 


Connections = 0. 1(7.2 + 7-4) - ;.4 
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7.34c 


Single- mass = total roof + girder + 

1/3 (walls and col-umns) = - ?I-8 + t 1*^ + 0>33(T3- 5 + 5-2) 

= IItI = 3-09 kip-sec^ft 


c. First Trial - Actual Properties. 

Assume D.L.F. = 1.2 (experience) 

E = D.L.F. (B) = 1.2(405) = 486 kips 
in 

Required = 486(8. 67)/2(4) = 527 kip-ft (eq 7.1^) 

The effect of axial column load is neglected 


s + z _ _ 527(12) 

2 


152 in.^ 


Smallest column that satisfies huckling criteria is 12 VF 120 

S = 163.4 in.^, Z = 186.0 in. 2 , I = IO7I.7 in.^, 0 . 5 (S + Z)= 17 ij -.5 in.^ 
A = 35.31 in.^ 

a/t = 10.91/0.71 = 15.^ < 22 , OK; b/t„ = 12.32/I.IO6 
= 11.1 < l 4 . 0 , OK (par. 4 - 06 d) 

Mp = 0 . 5 (S + Z)f^ = (174.5)41.6/12 = 605 kip-ft 



d. First Trial - Determination of D*L>F^ 

k = 12EWh3 = 1200)104 1071.7),>t , 10,200 kips/ft (eq 7.10) 
144(10.17)^ 

= 2it.y/m/k = 6.28^^3.09/10,200 = O.IO95 sec 
T/Tj^ =0.046/0.1095 = 0.42 
D.L.F. = 1.07, t^T = 0.93 (fig. 5.20) 


\ = 0.93(0.046) = 0.043 sec 

The original load-time curve should he revised to obtain a closer ap- 
proximation to the total impulse up to time t^. The impulse up to 
t = 0.05 sec in figure 7-43 is: 
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H = 0.82 psi-sec- (obtained by graphical integration) 

T = 2E/B = 2(0.82 )/25. 3 = 0.065 sec 

t/t = 0.065/0.1095 = 0.593 

- 1.3, tjT . 0.70 (fig. 5.20) 

t = 0.7(0.065) = 0.0455 < 0.05 
n 

Ibe revised idealized load-time curve is satisfactory 
Required = D.L.F.(B) = 1.3(40^) = Lips < 558 kipsj OK 

There is no need for further trials. Bie required R^ of 527 kips^ 
greater than original estimate of 486 kips but less than R available frj, 
12 F120 (558 kips). Therefore the 12 Vf .120 is accepted for preliminary 
design. 

e. Shear Stress Check of 12 W .PO. 

^ crQ 

Estimated ~ If ~ ~ 

V 139,500 

^ = t7 = 0.710(13.127 - " 

Allowable v = 21^000 psi; OK (;ar. 4 -’ y-) 

f. Slenderness Critcrjr,i: Vov - cl : s. (:ar. 4-08) An appxl- 

mate evaluation of the 12 W- .,2: .’(..umn .1‘iyfr:, c.-iterion is made before 

the column size is accepted for !'ir.a. uui.y:);; . il.e .Titerion is: 



K'Ld \ 
loobty 




Mp = (605) - 570 kl.n-rt:., r. ly:. . 

R to aval lab .le B 
m rr: 

Mp = 605 kip-ft 

Pp = f^A = 41.6(35.3;:) - ; 4 y 

^ ( 8 .41i44(54)3B _ , 

D 1000(3) ' ■ ' 

K’ = 0.l4 (table 4.l) 

K" = 0.50 (table 4.2) 

L = 8.67 ft (clear heiglit) 

r = 3.13 in. d = I3.I2 in. 

b = 12.32 in. 


■tj. = 1.106 in. 
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r:..-c (fig. 7.‘^3) 
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Substituting in eq-uation (^l-.lO) gives 


/570\ 

[0.14(8.67)12(13. 12)' 

h ^392 \ 

‘0.5(8.67)12' 

(ml 

100(12.32)(l.l06j 

il^Toj 

_ 15(3.13) 


0.132 + 0.284 = 0.4l6 < 1; OK 

j,35 girder design. The design procedure for the frame girder is identical 
to the girder design in paragraph 7-25. To provide continuity in the pres- 
entation of this building design example without excessive repetition, this 
girder design is limited to the computation of the resistance diagram and 
the numerical integration computation to check the adequacy of the girder 
resistance. The same prelim- 
inary computations performed 
in paragraph 7-25 have been 
performed for this girder but 
are omitted for simplicity of 
presentation. The girder is 


p — - 


f 

[, — liio;: — 

16 - 0 “ 

i. .i 




16-0 


H 


designed as a fixed-pinned beam. A 38 W^150 girder is selected by the 
preliminsiry computations. 

The design load curve (fig. 7.5l) is presented. The method of de- 
termining the load curve from purlin reactions is the same as described in 
paragraph 7-25* The dynamic reaction data are obtained from table 7* 19* 
a. Determination of Maximum Deflection by Numerical Integration. 
Based on the preliminary computations which are omitted to reduce duplica- 
tion the numerical integration analysis is performed for a 38 'W^150 girder. 
S = 503 in.^, Z = 580 in.^, I = 9012 in.^ 

Girder Mp = f^^ [(S + Z)/2] = 1875 kip-f^ (eq 4.2) 

The static loads develop a moment at the fixed support 
Static load moment = 40 kip- ft 

The moment in the girder to resist lateral frame motion is 


I Mp of column = | (605) = 403 kip-ft (pars. 7-34e and 7-ll) 

^Im = X = ^ (1875 - 40 - 403) = 538 kips 

k = 132 ^ = a2(30)iq^(90i2.). = 60,400 kips/ft 
163(144) 
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0.0038 Time,t(sec) 










1-3^ 

jhe resistance diagram is shown hy figure 7.52. 
Ibtal concentrated mass = 0.40 kip- sec ^/ft 
total uniform mass = 0.075 kip-sec^ft 
Concentrated load and mass, = O.83 

(table 6.1) 

Concentrated load and uniform mass, 

= 0.55 (tahle 6.1) 


% 


T = 2rt 
n 


2 V«) 


1/2 


= 0.0156 sec 


T 
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Figure 7.52. Resistance function 
for 36 IP 150 girder spanning 
20 ft, fixed at one end and 
pinned at the other 


Use At = 0.0015 sec < ^ = O.OOI56 (par. 5-08) 

(P - R )(0.0015)^ 

" 0.40(0.83) + 0.55(0.075) " ^*01(10 )(Pn ■ 


The numerical integration in tahle 7.21 is based on the equation 
y ^ ^ = y^(At) + 2y^ - ^ (table 5.3). dynamic reaction equa- 

tions are: 

= 0.17R + 0.17P (table 6.I) 

Vg = O.33R + 0.33P 

The P values for the second column in table 7.21 are obtained from 
n 

figure 7.51 multiplying by 4 to obtain the total concentrated load applied 
to the girder by the two purlins. 

In table 7.21 the maximum R^ = 423 kips < 538 kips. The design is 
satisfactory. 

b. Shear Stress Check. 

V = 253 kips (table 7.2l) 

Multiply by 1.75 iu accordance with paragraph 6-O9 


V 



253,000(1.75) 

38.84(0:6257 


18,200 psi 


Allowable v = 21,000 psi; OK (par. 4-05c) 

c. Check Proportions of 36 VF150 foJ^ local Buckling. 

b/t^ = 11.972/0.9^ = 12.7 < 1^.0; OK 

a/t^ = 33.96/0.625 = 54.3 > 30 ; NG 
Longitudinal stiffeners are required (par. 4 - 06 d) 
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Table 7.21. Determination of Maximum Deflection and Dynamic Reactions for Roof 


P - R 

n n 


yj At r 


(sec) 

(kips) 

(kips) 

(kips) 

(ft) 

0 

0 

0 

0.6 

0.000004 

0.0015 

4 

0.2 

3.8 

0.000023 

0.0030 

12 

1.9 

10.1 

0.000061 

0.0045 

26 

7 

19 

0.000114 

0.0060 

54 

19 

35 

0.000210 

0.0075 

84 

44 

4o 

0.000240 

0.0090 

136 

84 

52 

0.000313 

0.0105 

180 

142 

38 

0.000228 

0.0120 1 

232 

214 

18 

0.000108 

0.0135 

268 

293 

-25 i 

-0.000150 

0.0150 

294 

362 

-68 

-0.0(X)400 

0.0165 

! 328 

407 

-79 

-0. 000^4.75 

0.0180 

340 

I 423 

-83 

-0.000499 

0.0195 

352 

4l4 

-62 

-0.(XX)373 

0.0210 

360 

383 

-23 

-o.(xx)138 

O.Q225 

366 

344 

+2P 

+o.ax)i32 

0.0240 

372 

312 

60 

0.000361 

0.0255 

370 

303 

6? 

0.000403 

0.0270 

3^ 

317 

49 

0.000294 

0.0285 

352 

350 

2 

0.(XXX)12 

0.0300 

330 

383 

-53 

-0.0(X)31') 

0.0315 

0.0330 

312 

397 

-85 

-0.0CK)51I 


0 

0-000004 

0.000031 

0.000119 

0.000321 

0,000733 

0.001385 

0.002350 

0.003543 

0.004844 

0.005995 

0.006737 

0.007004 

0.006862 

0.006347 

0.005694 

0.005173 

0.005013 

0.005256 

0.005793 

0.006342 

0.006572 

0.006291 




9" 10.96" 





J... ::: 6 ( 5 / 8 ) = 3*75 in. 


Continuous! 

Weld 


Ur.i- ;■ J.KKi t-uiiinu. :vb ilTeners, 2 plates 
5/6 i.X!. \y j- ii-. - 1 length 


5" r 33.96" 

I 


'■■K (■■■-• 


'Jt )/u.625 


* i • J ' • OK 


10.S 


e/t^^ - (^3.3? 0.54)70.625 = 35.6<llO;Oi( 

Weight 1)1' «icideti. ntiri’ener plates = 15*9 
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7.36 TT-rmL DESICar of COIIIMN. The column design was begun In paragraph 
The final steps in the coltmm design are illustrated by this para- 
graph. The steps which, follow all lead to the determination of the lateral 
deflection of the top of the columns by a numerical integration. In the 
preliminary design of the coltimn (par. 7-3^) some of the factors which eif- 
fect the maximum deflection of the column are neglected to simplify the 
computations. These factors which, are now considered are: the variation 
of plastic hinge moment with direct stress, the variation of column re- 
sistance with lateral deflection, the effect of girder flexibility on the 
stiffness of the columns, the difference between the load on the wall slab 
and. the dynamic reactions from the wall which are used as the lateral de- 
sign load for the frame columns. 

For all pertinent dimensions refer to paragraph 7-34. 

a. Mass Computation, (psr. 7-3^h) 

Walls = 73-5 kips, roof slab = 57.3 kips, purlins = 7.2 kips 
Columns = — = 4.2 kips 

Girders = = 7-9 kips 

Connections = 0.l(7.2 + 7*9) = 1*5 kips 

Slngle-degree-of -freedom mass = total roof + l/3 (columns + walls) 

57.3 + 7.2 + 7.9 + 1.^ +0.33(73.9 + ^.2) _ 22:8 
32.2 ■ 32.2 

o 

= 3.1 kip-sec /ft 

b. Column Properties. 

12 W=-120, I = 1071.7 iii.\ S = 163.4 in.^, Z = I86.O in.^, 

0.5(S + Z) = 174.7 in.^, A = 35.31 in.^, b = 12.32 in., 
t^ = 1.106 in., a = 10.91 in., t.^ = O.7I in., d = 13.12 in., 
r = 3.13 in. 

c. Column Interaction Design Data. The plastic hinge moment, plastic 
axial load, and the values of and are computed below from the column 
properties. 

Mp = f^(s + Z)0.5 = (17^.7) = 606 kip-ft (eq 4.2) 

Pp = f^A = 41.6(35.31) = 1470 kips (eq 4.7) 
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‘dy'“"f 


(eq. 4.12) 


= ^ 0.5(0.71)13.12'' - 2(0.71, )(i.io6)2^ 

= 288 kips 

_ fl.J. /<! 4. ^3 -UJ. f Oj2 ('',5+ . )i4. 2\1 


^HV -6dt^.4t/) ^ 

^ P ^ (eq4.1l) 


|4(0.71)(5.46)-^ 


12.32(1. 106 )[3(13. 12)^ - 6(.13.!2)(:i.ic) 6) + 4(i.io6)2]|, 


5551,^^ 


For Pp > 


/Pp-Pd\ /^‘‘™-’’d',. 

Mji "( fp - “(w'/O - P- ij ■ ‘J-'k' 9P[, (eq,l.i3) 


For F < Pp 




" fjf/; - 


I'j, '5(:x', - 0 . 177 P^ (eq4.H) 


d. Effect of Girder Flex it t.y. '.’lie !•,•;, ut 


girders reduces the spring cnnrt.ant. in !,i 

obtained in paragraph 7-3^* Ihe -n;;; ;r 

(par. 7-O8). (See par. 7-23<!.) 'iV ^ ; lain 
sinqple sidesway analysir: of thi’ rru::,'- i.; 
analysis the spring constant i:; ti.e 1 t.n :i 
quired to cause a unit diiin.ari-;;;,-:.*.. 

In figure 7-55 (puge Jr,) t.i.c in.-, .a, : 
only up to the formation of the I'Lrn.h hinge, 
sign procedure, this va.lue in. ann.;;:;.e ; , 


n t.ne e,H 


Ive I'lexibllity of the 
;t.Ic range from the value 
nhlrdtely stiff girders 




isfii value of k a 


i-'i-oiu the sidesvay 


he iateral force re- 


•onn.t.ant is applicable 
.’er, to simplify the de- 


hhe tilastic resistance 


In the sidesway analysir:, (fig. '.'.h-;) the ;'ra, 
on the centerline dimensions o,f -f.l.e girder:-, and ee 
flection for which the P.E.M. at to; arrd : otter, of 
kip-ft is 


dimensions are based 


■ umns. The lateral. 


ea'-'h column is 1000 


X = (F.E.M. )h76EI 
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7,360 

I 



Figure 7.53. Sidesway frame analysis by moment distribution 


X 


R 


(iooo)(iq.i7),^iiA , 0 0^ 

6(30)io3(io71.7) 


2 M _ 2(863 + 951 + 931 + 978 ) 

h ■ 10. 17 


= 73^ kips 


= I • ^ * 5540 klps/ft 


loading* Both horizontal and vertical loads are considered. The 
lateral load for the numerical integration (table 7*22, page l4^) is ob- 
tained from the V (3ynamic reaction column of the numerical integration 
n 

analysis of the front wall slabs in paragraph 7-31 (table 7*l6). The dy- 
namic reaction values for a 1-ft width are multiplied by I 8 , the width of 
one bay of the building. After the dynamic reactions of the front wall 
slab have decreased to the level of the applied load (at t = O.OI 8 sec) the 
values enre taken from the net lateral overpressure curve (fig. 7*^3)* 

For P . in psi 
net 


p 144(18)6.18 ^ 

1000 net 


16 . OP . kips 
net 


These data are plotted in figure 7*54 to give the frame lateral design load 
for the second column of table 7.22. The dimension 6 .I 8 is equal to one- 
half the clear height of the wall plus the roof slab thickness. 


— + 0.35 = 6.18 ft 

The total vertical load in table 7*22 is obtained by multiplying 
the average roof overpressure (fig. 7*44) by [^ 54 (l 8 )l 44 j/lOOO - l40 and 


l4l 
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Time, t (sec) 

Figure 7.54. frame ilesipn lateral laatl 

adding to that the dead weight of the roof ;;y:;ten! 5'i''.3 + 7-2 + 7.9 + ^'5 
= 73*9 kips. The average roof overpreooure i r, lioed ijecuuGe in the numeri- 
cal analysis only the average column .load 1;; needed. Tills procedure neg- 
lects the dynamic effect of the roof clab, pin' lino, and girder on the 
vertical blast loads. 
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f,36f 

. . of nf Frame by Numerical Integratl^ 

) values are tbe average axial column loads Q-b- 

Talvidi^! tbe toL? vertical lead by the number of =olu«. 

^ re used to determine the oorresiondliig values of by 

: ^a^Pt. >3.0. .om the vame of (Vn - -- 

„slstance Is obtained by the relation 

_ = 0 . 922 (Mn)„ 

^tokx - 95 ^ 0 x in the elastle range. Ihe expression j- 
. JL tJTeorease “in reslstLee corresponll.* to tbe Inerease In 
^ + resulting from the eccentric loading. 

ending nonent ^ Integration In table 7-23 1= 

^ basic equation for the 


X ^ = xjAty 

^n + 1 n 


+ 2X - X a 
n n - J- 


tere 


tn-n^^l 




Vnl (0.002)' 
X" 3.1 

c 


= 1.29(10"^) 


= ' I -n n n 1 

^ (ui. l^-08) the following eqnation is 

3 check the slenderness criteria (par. 

mlrnted for each time interval 

^rK'LdX^rCil <1 (eq.4.10) 

M;[l00 bt;J-^PpL" 5 rJ 

K' = 0 .l 4 (table U.l), K = 0-50 (ta ^ ^ ^ 13 in. 

L = 8.67 ft (clear hei^t), h = 12. 

= 1.106 in., d = 13-12 111 ' 


t = i.xuo XU., 

S. -1.^1 ^ n Is ^1 


41 


(O.l4o) ^ + (1.11) p .n the natural 

. O ocl sec used in table 7.22 is based on the 

le tijne interval At = 0^00 2^ s ^ 

^lod - 2 a-y/^ - e.asVi^I/iP^ “ 

,4. = °-bl- 3 . _ 0.0113 (pdr- 5 - 08 ) 

bO bO naximum deflection 

The analysis in table 7.32 sbovs that th 

1^3 


Table 7.22, Determination of Column Adequacy 
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\ = 0.056 exceeds the limiting elastic ^ 

E 

= 0.053. 13118 small 

deflection x^ = 5550 W^O | 

nt of plastic action is considered acceptable | 
jjjount 01 P At t - 0.04 sec the 

,e,p^poses of this example. At t - 0.04 

slenderness criteria eq.mtion 

„ nhn + 1.11 ^ = 0.1I+ 1J7O 


= 0.922 Md 

/ i^Maximum Deflection 

^ 1 k, = 9540kips/ft 

1 ' x,= ft 

9540 


Deflection, x(ft) 

Figure 7.55. Frame 

resistance diagram 


0^3^40 -2 + 1.11 ^ S 06 ^ 1470 resistance aiagru,. 

P 

^ 0.364 < 1.0, OK 
g. ffhear Stre ss Check^^ 

(■o ) = 505 kips (table 7.22) 

V = 505/4 =126.0 kips 

max 

V 126 , 000 _ psi 

^ = dt;; = (13.S0.M: 

Allomble V = 21,000 psi; OK (par. 4-05e) 

^^■.T ^1? fi nw qTORY REIWFORCED-COKCREflE 

PIASTIC DEFORMATIOH PEBMITTED 

,37 gSAL, nu^nerical example 

of one W of roof slab, roof girder, 

n design Is .f H-elnded — 1.1 desl. 

rocednre is illustrated by para^aph 7 27^ of the girder are 

m this example all elemen s v designing the girder in 

lermitted to deform plastically. ^ „ n The limiting deflections 

,le elastic range Is covered In paragrapd T-U- » 

de established on the basis of poxagr P --o+e wall slabs spanning 

The structnre consists of la amported at the 

rertically with one-way reinforcemen . ^ 

bottom by the foundation and at the top 7 reinforced concrete 

is also a one-way slab spanning continue 7 rectan- 

frames. Die roof girders are tee beams forme ^jolumns symmetrically 

gular girder stems, columns are rectan^l- tied 

reinforced in the strong direction. 
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a n 

Figure 7.56, Plan and sr('tif>n of rein jorved eonerete building 

7-38 DESIGN PROCEDUKE. Kie cienign proceiiurf i ! 1 untrated by this exaii|ile 
is essentially the same as the proeeduff- fieta! !e<: in iiaragraph 7 -I 8 for tie 
plastic design of a steel frame building:: witl; reinrorced-concrete walls and 
roof. 

7-39 LOAD DE'ft!iHMINA.TION. In tills example only tlic c-ompleted overpresstire 
curves etre presented. The comfiutatlon of’ tiie overpressure variation is ex- j 
plained in detail in EM 1110-3^5-^^13 and 1 ,1 1 ustrated again in paragraph | 

7 - 19 * Die design overpressure of 10 psi is neiected arbitrarily. i 

The overpressure vs time curves tiuit arc- [iretiented are: 

( 1 ) Incident overpressure vs time (fig. 7*57) 

( 2 ) Front face overpressure vs time (fig. 7.570 

( 3 ) Rear face overpressure vs time (fig. 7-59) 

(4) Net lateral overpressure vs time (fig. 7-60) 

( 5 ) Average roof overpressure vs time (fig. 7.'J1) 

lh6 
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T-39 
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Figure 7.59. Rear face overpressure vs time curve 
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7-40 nESIGIT OF WALL SIAB. The wall slab is designed as a reinforced 

Crete beam one foot in width fixed at the foundation and pinned at % 

where it is framed into a thin slab.' 

wall slab is designed for plastic • ' 

action 

so that a plastic hinge will he developed 
, I I first at the foundation and then at * 

lll|/ 15.83' pj L» 15.83' Span when the slab is subjected to the tfe 

sign loading. The cleax height of the 
slab is considered the design span 

The preliminary design procedm-e 
for plastic design is described and ip 
lusti ated by an example in psiragraph 6 - 1 ] 
The dead load stresses are neglected for a vertical wall slab. 

a. Design loading-. The design load as Idealised from the computed 
loading showti by figure 7*58 is defined by: 

B . . 5T.T hips 

T = 0.062 sec 

E.f = l2i:^=1.79tlp-s,'' (ias 

h. Dynamic Design Factors. (befts 
Elastic range: 

Kj. = 0 . 58 , 



tf. tai,,.' 


. 1 .) 






= 0.78 


Im 


Ps 
L " 


b'.PHI 


= O. 26 E + 0 . 12 P, 

Elasto-plastic range: 

= 0.64, 


1/ 

Vy 0.4;,H f 0.1 9? 




Kj, - 0.50, 


K = 0.78 


■ep 


510 


152 


V = O. 39 R + O.llP 
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Plastic range: 

^. 0 . 30 , 

S. - t (“Ps “l'”’ 

Y = 0 . 381 ^ "*■ 0.12P 

Average values. 

(0.64 + O.^Ql ^ 0.57 

Kl = 2 

(0.50 + Q»33). _ 0.42 
%= 2 

' I <“pb * 

ij = ^ (If “ps - V> 

c. First G^ial “• Actual P roperties^ 

Mps = “Pm ^ ^ 

Assume p = 0.015 (par. 4-10 ) 

Let aP = 5 (par. 6 - 26 ) 

Assume = 0.75 (eDqperience) 

R = C^B = 0.75(57.7) = 43.3 kips 
m R 


K^- 0.66 


(eq. U.16) 


Mp - PV^' 


- V f-Tflc / 

= o.oi5(5a)(x)d^ [1 - §^] - 

^ _ (I2)0.y8d^, ^ ,,3,3 a = 9.11 
\ = “L“ “ 15.^3 

L = 10.5 in., d = 9.25 in., P== 0.015, np = 0.15 
Mp = 0.688(9.25)2 = 58.9 kip-ft 

5 _ 12(58.11 ^ 44.6 kips 

\= L - 15.83 

o 4 

I = hi? ( 22 . = (10.5)^ = 1158 in. 
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^ ^ + np(l - k )^ = 12 ( d )3 


+ 0.15(1 _ 0.42)2 


= o.905d' 


3 = 0.905(9*25)^ = 716 


I =0.5(1 + 1 +) = 0.5(1158 + 716) = 937 in . 


16OEI 


= 787 kips/ft 


^ ~ 144(15.83)^ 

y = ap y^ = 5(0.0567) = 0.2835 ft (par. 6-26) 

*'in jh 


Wei^t 


Mass m = 


10.5(150)15*8; 


12)1000 


= 2.078 kipt 


2.078 


0.0645 kip-sec'^/ft 


d. First Igrlal - Equivalent Syiitc’in ircipertien. 

R = ILR = 0.57(44.6) = 25.4 kipr. (t q 6.12) 
me jj m 

Eg = Kj^H = 0.57(1.79) = 1*02 ki.p-;uK- (eq 6 . 8 ) 
ffig = = 0.42(0.0645) 0.0271 ;-.ip-i'.<M-'7rt (eq 6.2) 

(H (1 02)2 

"f ° ^ ° afo-oln) ° ('-‘if-io) 


T = 2 jt 
n 



6 . 28 -yf^Y 8 ( 0.06,4 5)7787 - O .050 r.ec (eq 6.l4) 


e. First [Trial - Work Done vn Krit^rfy Al r.rjrpt^ion Cajmclty. 

Cj = T/T^ = 0.062/0.050 = 1.24 

Cg = R^B = 44.6/57.7 = 0.77 (<u.r, 6 . 15, 6.16) 

t^T = 0.71 (fig. 5.29) 

= (0.71)0.062 = o.oii4 cec 

!l*ne idealized load-time variation i:) con:)idered to be a satisfactory 
approximation to the actiial front face ove.rrirein;iire curve (fig. 7.58) up 
to = 0.044 sec (par. 5-13)* 


EM llio- 3 i). 5 -J|.l 7 
15 Jan 58 


n = 0.31 (fig- 5 - 27 ) 
w 


w = C„w„ = 0.31(19-20) = 5.95 ft-kips (eq 6.17) 

m W r , r- 

E = - 0.5(0.0567)] 

s 6 .hd ft-kips (eq 6.I8) 

E> W, therefore the selected proportions are satisfactory as a pre- 
liminary design. 

A 10- in. slab -was tried and found to be unsatisfactory. 

Use 10.5-in- slab. 

f. Preliminary Design for Bond Stress. It is now necessary to 
select the reinforcing steel for the critical 

TOSS sections. At the fixed end of the wall ■ ■ v . • ■ •'U«4 

Y v ' 1 ■ T “ ms" 

the cover requirement results in a smaller | ' y ' ** ^ 

ralue of d = 8.0 in. than at midspan, d = 9-25 No.sots" | cover ,25- 

Ln. lb achieve approximately the sajne p at Miospon ana pinnea Ena 

)otli critical cross sections several values of a.5“ 

2r Cover /No.8at5 

) are investigated to obtained the value of p L' lJ. . . 

■or iMch .7. 

8M_ + ifWL 

= Mp = 58.9 kip-ft 

plot of equation (4.l6) sintplifies this coiiq)utation. From such a plot 
«0,017. 

t the fixed end 

Estimated V = O.5R = 0.5(^^.6) = 22.3 kips 
max m 

Allowable u = 0.15f^ = 0.15(3000) = l<-50 psi 






k ■ 

• • •• . • 

./ : • ,s 

fiW' 

B.d 

10.5" 

U_ 

-jL.:..,.-., .I 




V 8(22,300) 
ujd 7W0)8.0 


= 7-1 in. 


Ag = pbd = 0.017(12)8.0 = 1.63 in. 

Try 5^8 at 5 in., A = I.90 in.^, So = 7-5 in. 

s 


~ i“o?R - 0.0198 


b the pinned end 


Estimated V = 1/3R = = ll<-.9 kips 

max ' 3 
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V 8(14,900) - I. 1 in 
SO = TIjd = Wtfe 


A =pbcL = 0.017(12)9-25 = 1-89 in. 


liy #6 at 5 in., Ag = 1.9 in- , >.:o = 7-5 in. 




Determination of Maximum Deflection and Dynamic Beactinnc 


TTiiTnerlcal Integration. 




1 _ 




= 0.0171(52)(1)(9.25)^ 


1 - p.017l( s^ 


= 66.0 kip-ft (eq. 4.l6) 


Mpg = 0.0198(52)(1)(8.0)^ [] 


2 r, . 


1.7(3. 9 ) 


58.0 kip-ft 


= bii^ia = ( 10 . 5 )^ 
.3 


Il^w in. 


It = 


= 775 in. 


^ + np(l - kf 
k 


■.2(9.; '5)'' 


(0.44)3 


0.171(1 - o.Hf 


I = 0 . 5(1 + I J = 0.5(: 




1 n . 


TT • 10.5(350)i5.'H 

Weight - i2(:iO(X}) 


Mass m = ~ 0.0' *4^ i-. 


32.2 


Elastic range: 

®“ps 


:i5.73 


Im L 

185 EI _ (lB5)3(^o)'8o 


144 ( 15 - 03 ) 


R- 


Im 28.2 ,, ,, . 

J'e = -r = -930 = ^ ' 


Elasto -plastic rsmge: 




Kips 


384ei 384 


■op ^ 5 l3 - 




j 40 g 


EM 1110-345-417 
15 Jan 58 


R - R. 


'ep 


y + 


m ‘Im _ n-x^li 47.5 - 28.2 - 

= 0.0304 + = 0.080 ft 


ep 


~w 


'lastic rapge: 


E - 47.5 kips 

m 


Yj. = 0 . 064 l ft (fig. 7.62). 


Maximum Deflection y^* 5y£ 


, =47.5 


jii 

By providing equal areas under the "effective resistance" line and 
be computed elasto-plastic resistance line, 

kg = R^yg = 47.5/0.0641 = 740 kips/ft 

= = 0.0517 sec 

y = ap y„ = 5(0.064 i) = 0.3205 ft 

•'HI Jci 

The hasic equation for the numerical 
ntegration in table 7-23 is y. 



Rim ° 2a.2 _ 
k| = 930 kIps/ft 
k£s 740klps/ft 
kep*386klps/ft 
ye *0.0304 ft 
yg* 0.0641 ft 
y,p =0.080 ft 




1 


n + 1 
(table 5.3) where 


y» yt yep 

Deflection, y(ft) 


.. /.x^2 

= — 


K„(At)‘ 


IM 


W 


Figure 7.62. Resistance function for 
l0-l/24n. slab spanning 15.83 ft, 
fixed at one end and pinned 
at tJia other 


Table 7,23. Determination of Maximum Deflection and Dynamic Reactions for Front Wall Slab 


t 

(sec) 

p 

n 

(kips) 

R 

n 

(kips) 

P -R 
n n 

(kips) 

(ft) 

^n 

(ft) 

\n 

(kips) 

^ 2 n 

(kips) 

0 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

0.035 

o.o4o 

0.045 

57.7 

53.0 

48.3 

43.7 

39.1 

34.3 

29-7 

26.4 
25.3 

24.2 

0 

13.3 

35.1 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 

38.1 

28.8 

39.7 

13-2 

- 3.8 

- 8.4 
-13.2 
-17.8 
- 21.1 
- 22.2 

0.0143 

0.0197 

0.00656 

-0.00223 

- 0.00493 

-0.00775 

- 0.01045 

-0.01239 

-0.01303 

0 

0.0143 

0.0483 

0.0888 

0.1271 

0.1605 

0.1862 

0.2015V 

0 . 2044 * 

0.1943 

6.9 

9.8 

19.0 

23.2 

22.7 

22.1 
21.6 

21.2 
21.2 

12.8 

i 

11.0 

15.8 

19.0 

23.2 
22.7 

22.1 
21.6 

21.2 
21.2 
18.5 

*(y ) =s 

0.20 ft, 
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n -6 


(P - K )25(10)‘ ], 

= ■ ■ S,78(S.06 - 4 - 5T - = ' \) ^t, elastic 

^ (P -E„)25(lOr^ J, 

= 0.78(0. 05^5) = ^-97(10) (p^ _ R^) ft, elasto-p]4stlj 

^ range 

^ (P - R )25(10)‘ u 

9M - S.&6(g.0.1.» ■'■ - 5.87(10)- (P„ - H^) n, pustic 

Hie time interval At = O.OO5 sec is approximately T /lo - n nnci^ 

n' S0(j 

(par. 5-08)* 

The dynamic reaction equations are listed in paragraph 7-4ob. Jte p 
values for the second column are obtained from figure 7-58, multiplying ^y° 

144(15.83 )/iooo = 2.28. 

The maximum deflection (yn)inax’ computed in table 7.23, is 0.204 ft 
•(diich is less than, the allowable of O.3205 ft. Thus 

( 5 > - 3 - 2 ; O’' 

h. Shear and Bond Strength. For bottom of wall (fixed end of 
idealized slab): 

V = 23.0 kips (table 7.23) 
max 

For no shear reinforcement, allowjible = O.Oilf^ + 5(X)0p (eq 4.24) 

V = 0.04(3000) + 5000(0.017:1) - 120 + 85 =. 205 psl 

y 


8V 8(23,200) 

= 7M = tX^isro - 


Shear reinforcement required for - 69 pd 

Contribution of shear reinforcement to aliowab.le shear stress = rf 

y 

- 557000 ,- 

Try 1 # 3 , A = 0.11 in.^ 
s 


0.11 




b.5 in., use 8=6 in. 


For top of wall (pinned end of idealized slab) 
^max " ^3.2 kips (table 7 - 23 ) 


Vy = 205 psi 


153 


7-lfOi 

, . Ji = , 240 psl 

^ " 7bd 7(12J9*25 

Shear reinforcement required 

for 240 - 205 = 35 Psi 

r = 35/40,000 = 0.00088 
Iry 1 #2, Ag = 0.05 in.^ 

^ = 0 . 00088 ; 

^ bs 10(s; 
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Constr. Jt 


Na 8 at 10' 


Bond: 


s = 5.7 in., use s = 5 In. 

Allovable u = 0.15f^ = 0.15(3000) 

= 450 psi 

V 8(23,000) _ 7 o 

- ujd " 7(450X0*0) ‘ 

Use ^ at 5 ill- ^ 

20 = 7.5 in., A^ = 1.9 in.^ 

D 

1. Summary. lO-l/2-in. slab (see sketch above) 



3' -4“ 


Corner Dowels 
lO** 


J /^Corner I 

1/ I No. 8 ot 


2 No. 2 Stir, ot 14" 
at S^Aiong Wall 
Stoggered 

,qp-No.4 ot 18" 

No. 4 at 12" 


No. 8 ot 10“ 
No. 8 at 5" 


15'- 10“ 


4NQ.3 Stir, at 12" 
at IO“aiong Wall 
Alternating With 
3 No.3 Stir, at 12" 
at IO”olong Wall 
Stoggered os Shown 


iDowels 


Note: Wall Steel to Hove x Cover Inside 


2 Cover Outside 
Foundotion Steel Not Shown 
Roof Slob Steel Not Shown 


7-lH PESTGM of roof SIAB. The roof is formed by a one-vay slab spanning 
continuously over the frame bents spaced at l8 ft. This manual is limited 
to consideration of single- span 
elements. To account for the con- 
tinuity of the slab it is designed 
as a fixed- end beam of l8-ft span. 

Since plastic behavior is desired 
the design procedure of peuragraph 
6-11 is followed. The permissible 
deflection is established in ac- 
cordance with paragraph 6-26 and 
the static loads are allowed for by reducing the resistance. 

a. Design Loading. The roof slab spanning between frames in a long 
building has different design conditions from the roof framing o P 
in a similar building (par. 7-22). 
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For the blast wave moving parallel to the long axis of the building 
the overpressinre variation with time at all points is the same. However 
for any slab element the overpressure along the span varies with time 

8.S j 

result of the lag time 

length of slab ^ _ 

*lag ■■ velocity of blast wave l403 *^120 sec 


For this case the average slab loading is determined by introducing 
the rise time equal to t^j^^ as indicated in figure 7*63 to the incident 

overpressure. 

For the blast wave moving perpendicular to the long axis of the 
building the overpressure variation with time at all points is different as 
a result of vortex action. However, at any slab element the overpressure- 
time variation may be treated as constant across the span. If the response 
is rapid, i.e., before the vortex action takes place, the slab element is 
subjected to the incident overpressure uniformly distributed. 

In this example the preliminary design loading for the roof slab is 
the incident overpressure. For checking; the- preliminary design both direc- 
tions of loading are considered and two numerica.l intefprations are pre- 
sented (tables 7.2h and 7-25, page lo',’). 

The design load as Idealized from the (Ximputed loading shown by 
figure 7-57 i- defined by: 



1000 


25-9 kips 


B = 10 psi 
T = 0.38 see 

H = U. 9 ;' kip-sec (par. 6 -II) 

b. Dynamic De-sign Factors. (Refer to table 6.1. 


Elastic range: 

\ = 0.53, 

R, 


im 


V = 0 . 36 R + o.i4p 
E lasto-plastic range: 

= O.Sk, 

8 


Km - 

V _ 38i+EI 


K. 


LM 


0.77 






ep 


ir 


= 0 . 50 , 
3B4ei 
5l3 
160 


K, 


LM 


0.78 
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Plastic range: 

= 0.50^ 


% = 


Average values: 

Kj^ = 0.5(0.64 + 0.50) = 0.57 
= 0.5(0.50 + 0.33) = 0*^2 
= 0.5(0.78 + 0.77) = 0-T7 

= 307EI/L^ 


c. 'Trial - Actual Properties^ 


Mpg = = Mp 

Assume p = 0.015 (par- 4-10 ) 
Let oP = 5 (par. 6-26) 

Assume Op = 1-0 (experience) 


R = C„B = 1.0^25.9) = 25.9 kipc 

HI R 



= 0.015 (52 )(l)<i^ [1 - 


^•0.^9(52 

.l.Y(3-9 


C.f'yvMd 


\ ~ L 


(l6)0.688d^ , 

' iB = ‘ 


]5.9, (1 = (3.9 i.r' 

Try h --- 9 : in., d 
Mp = 0.688(9-79)' 

_ _ 16(3: 

■I Cover jjj "■ L 8’ 



I = = (8.0)^ = 511 in- 

It = [y + up(l - k)^]= 12(d)^[-^2 

= 0.905d^ = 0.905(6.75)^ = 278 in.^ 


42 ) 


74ic 

Kj^ = 0.66 


kip-ft (d in inches) 

1. 

6.75 in-^ P = 

■ = 31.4 kip-ft 

idil = 27.9 kips 

J 

+ 0.15(1 - 0-^2)^] 
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I =0.5(1 = 0 - 5(511 + 278) = 394 in.^ 

a S 

3®! . (307)3(10)^3» , U32 klps/ft 

^ (I8ri44 

, _ 3 = 0.0645 ft 

7e ” kg 4-32 

V = op Yt, = 5(0.0645) = 0.3225 ft (par. 6-26) 
Velght -pfi^ + fi] * 1.91-klPo 
IbBS m » - 0.0591 klp-eec^/ft 


cL. First Trial - Equivalent System Properties. 

R = lOK = 0.57(27-9) = 15-9 kips (eq 6.12) 
me X ni 

H = KjH = 0.57(4.92) = 2.8 kip-sec (eq 6.2) 

= 0.42(0.0591) = 0.0248 kip-sec^/ft (eq 6.2) 

W _ - =r = 158 ft-kips (eq 6.IO) 

“p " 2(0. 024^1 

e 

\ = = 6.28yo.77(0.059l)/4i’ = 0.0645 sec 

e. Work Done vs Energy Absorption Ca pacity. 

Cj = T/T^ = 0.38/0.0645 =5-9 

C = R /b = 27.9/25-9 = I-O8 (eqs 6.15^ 6.16) 

R m 

t /t = 0.17 (fig. 5.29) 

m 


t = (0.17)0.38 = 0.0646 sec 

Idealized load-time curve is satisfactory at t = 0.0646 sec (par 


5-13) 


= 0.02 (fig. 5-27) 

W = C„W = 0.02(158) = 3- 18 ft-kips (eq 6.17) 
e“=r (y - 0.5yg) = 15.9 [0.3225 - 0.5(0.0645)] 

me in ji» 


= 4.62 ft-kips (eq 6.I8) 

E > W, therefore the selected proportions are satisfactory 
liminary design. 
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74if 


Try to reduce slat to Taring E closer to W . 
f. Second li-lal - Actual Properties, 

0 . 23 \ + 0-75E ^ 0.25(3.16) + 4.82(0.75) 

\ (o.57)[o. 3225 - 0.5(0.0645)] ~ ^i5s(eq6.i9) 


m 


/. i, 6 .C in. 

L lo 

d, = 6.50 in., p = 0.015 

^"1 Mp - O.65od-^ . 0.688(6.5)2 = 29.1 

. l-„) ^ 




> 6.51 
IZ5^ 


‘ ' \ 

No. 8 Cover 

3 


.IbMj, 


= (7.75)^ = ^65 in.'* 


bh 
" 12 


= 0.905d^ = 0.905(6.50)^ 04 H :i;.'‘ (k (). hy ) 

I = 0 . 5 (l„ + 1 +) = 0 . 5(465 ^ ;' 4 ;') vy, in-'* 

£L o ^ 


= 307EI ^ (307)3(10)^3 

^ ~ (JlO’-^Ot.’t 

25.9 r- r/r .m 

Yjjj = 0^ Yg = 5(0.0611) ■■: 1 

'7.75(150) , , 


:■• i'r 


Weight = 


w 


1.86 „ 

Mass m = — — = O.e-., ;', ; 

jd 9 d 

g. Second Trial - Bci;. va. 

R = K^R = 0.57(2-. »} 

= K^H = 0.57(4.92) ;■. 

e 

w - (g.H)" . ... , 

P 2mg ^'0.0242) ' ' ’ " ' 


m = = 0.42(0.0575) 


.. 2 ) 


■ X&i sec 
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f 4 lli 


fi. Work Done vs Energy Absorption Capacity. 

c = t/t^ = 0.38/0.0667 = 5.7 

= RyB = 25.9/25.9 - 1.0 (eqis 6.I5, 6.I6) 

t /t = 0.24 (fig. 5.29) 
m' 

t = (0.24)0.38 = 0.091 sec 
m 

Idealized load-time curve is satisfactory at time t = O.O91 
par. 5"13) 

Cy = 0.028 (fig. 5.27) 

W = C„W = 0.028(162) = 4.55 ft-kips (eq 6.I7) 

in W Jr 

E = - 0.5yj.) = 14.75 [o.330 - 0.5(0.066)] 

= 4.38 ft-kips (eq 6.I8) 

E =“ W, therefore the selected proportions are satisfactory as a pre- 
minaiy design. 

i. Preliminary Design for Bond Stress. 

Estimated V = O.5R = 0.5(25.9) = 12.9 kips 
max m ^ ^ xf 

Allovra.'ble u = 0.15f^ = 0.15(3000) = 450 psi (par. 4-09) 


Zo 


JL - gii^.go.Q}. 

ujd 450(7)6.5 


5.04 in. 


'Ery #7 at 6 in., = 1.2 in.^. To = 5-5 in., P = ^ = 12(6^56) 
np = 10(0.0152) = 0.152, h = 7.75 in., d = 6.56 in. 

j . Determination of Maximum Deflection and Dynamic Reactions by 
nerical Integration. 



Pf 






= 0.0152(52 )(i)( 6.56)" 


(0.0152)52 

l.m- 9r 


= 30.4 kip-ft (eq 4 .l 6 ) 

Ig = bhyi 2 = (7.75)^ = 465 in.^ 

= hd 3 + np(l - k)^] = 0.905(d^) = 0.0905(6.56)^ = 256 in.^ 

4 

^a = = 0 . 5(465 + 256) = 360 in. 
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weight + «] iMo ■ 

Ifess » - ^ = °-05T5 kip-sec Vft 
Elastic range: 

R = ^ _ weight = _ 1^86 = 18.3 kips 

_ 38 to _ .(381^)3(10)^,3.60 ^ ^qo kips/ft 

1 ■ i 83 (iH) 


= ^ ^ = 0-0381 ft 


Elasto -plastic range: 
l6Mp 


= T 
m L 


weight = - 1.86 = 25.1 kips 


^ 38to = i k =96 kips/ft 
ep 5^3 5 1 


'ep 


R R ^ ^ 

= Ye + — = 0.0381 + = 0.0381 + 0.071= 0.109 ft 

ep 



Deflection, y (f t) 


Figure 7,64. Resistance function 
for 7^3/4~in, slab spanning 
18 ft, fixed at both ends 


‘6Mp 


‘y. 




307i;i 307 


weiglit =25,1 kips 

383 kips/ft 




III 

1^; 


fi. . 


1^3 


0.0655 ft 


y„. - a::i - 5(0.0655) = 0.3275 ft 




- 6.2'-:-y/o’'.Y7(0-0575)/383 

“ C.(X//4 Gee 

The basic equation for the nuinericai intecrations in tables 7*2^ 
7.25 is ^ = y^(At)^ ^n ■ - 1 ^‘ 3 ) ^tere 
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T hi 7 24. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab, 
" Incident Overpressure (Modified for Rise Time) 


I 


p 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

(ft) 

(ft) 

? 

n 

(kips) 

0 

0 

2.0 

0.0022 

0 

0 

13-0 

1.0 

12.0 

0.0132 

0.0022 

2.2 

24.5 

8.4 

16.1 

0.0178 

0.0176 

6.5 

24.0 

19.5 

4.5 

0.0049 

0.0508 

10.3 

23-6 

23.2 

0.4 

0.0004 

0.0889 

11.6 

23.1 

25.1 

- 2.0 

- 0.0026 

0.1274 

12.3 

22.6 

25.1 

- 2.5 

- 0.0032 

0.1633 

12.3 

22.2 

25.1 

- 2.9 

- 0.0037 

0.1960 

12.2 

21.7 

25.1 

- 3.4 

-0.0044 

0.2250 

12.1 

21.3 

25.1 

- 3.8 

- 0.0049 

0.2496 

12.1 

20.8 

25.1 

- 4.3 

- 0.0056 

0.2693 

12.0 

20.4 

25.1 

- 4.7 

- 0.0061 

0.2834 

12.0 

19.9 

25.1 

- 5.2 

- 0.0067 

0.2914 

11.9 

19.5 

25.1 

- 5.6 

- 0.0072 

0 . 2927 * 

0.2868 

11.9 


Table 7,25, Determination of Maximum Deflection and Dynamic Reactions for Roof Slab, 
Incident OverpreSsSure (No Rise Time) 


P 

n 

(kipe) 


R 

n 

(kipiO 


F - R 
n n 

(kipo) 


,18.8 

9.Y 

1 

- 1.1 

”i.7 

- 2.3 

-2.7 

-3.i 

-3.i> 

-4.0 

- 4.4 

- 4.4 

-4.9 

- 5.2 


y>tr 


0.01373 

0.01993 

0.00596 

0.001^*6 

- 0.00136 

- 0.00211 

- 0.00285 

- 0.00335 

-0.00384 

- 0.00434 

- 0.00496 

- 0.00545 

- 0.00545 

- 0.00607 

-0.00644 


V 

n 

(kips) 


0 

0.01373 

0 .o 4T39 

0.08701 

0.12809 

0.16781 

0.20542 

0.24018 

0.27159 

0.29916 

0.32239 

0.34066 

0.353**S 

0.36085 

0 . 36215 * 

0.35701 
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T4ii 


f' 

f 

yjAt)^ 


(P^ - R^)(At)2 (P^ - R^)(0.00T)' 

0.77(0.0575) ^ 

(P - R )(^9)lO-^ , _o, 

g. 7 B(S. 0575 T - ■ 

(P - R )(^9)lO"^ o 


n 


n 


n 


- elastic range 


- \) ft, elasto-piastic 

range 

- \) ft, plastic range 


The time interval At = O.OO7 sec is approximately T^/lO = 0.0067l^ sec 
(par. 5-08). The dynamic reaction equations are listed in paragraph T-lut. 
In table 7.24 the slab analysis considers the loading resulting from the 
shock wave moving along the long axis of the building (incident over- 
pressure modified for rise time). Hie values for the second column are 
obtained from figures 7-57 and 7.63, rriu Itiplying l.y l44(l8)/l000 = 2.59. 
The slab is not critical for this condition - O.2927 < O.3275. 

In table 7.25 the slab analysis consificrs the loading resulting from 
the shock wave moving along the short axis r-f t,!ie iuiilding (local roof 
overpressure with no time of rise). 'Il.e valses, for the second colimm 
are obtained from figure 7-57, mult i ii ly i r./' by ; '.59- Hie slab is critical 
for this case and in fact the maxi ii.u:;: di i.on (y^, )j,,^,, = 0.3621 > O.3275. 
This is accepted as a satisfacl.ory ses. •{•.n s, ii; 'o 



is close enough to value of 5 estai I Is.ho.l ai ■ 
k. Shear Strength and Bond ftres.s. . 
Vfl^x = ^2.4 kips (table 'i-hb) 


For no shear reinforcement 

Allowable v = 0.04f' + 5 OCO 1 . (i"! •■i.yt) 

Vy = 0.04(3000) + 5000 ( 0 . 0 . 52 ) .;:e + '(>. ['/> re:.! 

^ 7(iit(S6) " 

1 , - _§)L - 8(12,400) _ __ 

TSod - 7 ( 5 . 5 ) 6.50 ' 


I-jO 


f411 


Allowable u = 0.15f^ = 0.15(3000) = ^50 psi; OK 
1. Summary. 

Y-3/l|-in. slab 

p = 0.0152 

20 = 5 " 5 ’ 

No shear reinforcement 
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f.k2 FRELIMIHARY COUMN DESIGU. It has been found desirable to make a 
ffelimi'^^y design of the column before designing the girders because the 
lolumn resisting moment is a factor in design of the girder (par. 7-11). 

A single-story frame subject to lateral load behaves essentially as 
, single-degree-of-freedom system. In determining the requirements for the 
olumns which are the springs of this system it is not necessary to use the 
quivalent system technique used in designing all elements. 

Using the principles oV paragraph 6-11 and equations from paragraph 
-06 provides a procedure for obtaining preliminary column sizes. 

In the preliminary design the girders are assumed to be infinitely 
igid to simplify the analysis. In determining the spring constant, the 
Dlumn height is 11-.75 ft from the centerline of the girder to the top of 
le footing. The resistance computation is based on the clear height 


, = 13.0 ft. 

If the first trial section is over strength or understrength it is de- 
irable to make a second trial. In llii.s plastic column design, since the 
lequacy of the selected se(!t ion i s based on a comparison of E , the en- 
'gy absorption capacity, with the work done on the frame, successive 
’ials are obtained by esi i.ituati.ng a design energy level somewhere between 
le computed values of E and W for use in the equation 

p _ energy 

' in ” X 

m 

)r determining the new trial R . If > E the energy level should be 
:t at so that 

n 3 

rri >: 

rn 

iwever, if E > as in the following example, the intermediate energy 
ivel may be obtained as illustrated on the following page. 
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74^ 


oltainei 
} for 
'e 


a. Design Loading. The design lateral load on the frame is 
from the dynamic reactions at the top of the front wall slab. However 
a preliminary design it is satisfactory to use the net lateral overpressur, 

curve (fiS* 7*8o). 

In computing the total concentrated lateral load on the frame it is 
assumed that the wall slab transmits the blast loads equally to the roof 
slab and foundation. This is generally conservative for the frame because 
in the elastic phase, the dynamic reaction at the roof is less than that at 
the foundation (table 6.I). 

The design load as idealized from the computed 
loading shown by figut’e 'J.GO is defined by: 



25-3(iM)i8 


Time (sec) 


B = 25.3 Psi = 

= 562 kips 
T = 0.062 see 


15-83 ^ 
2 — 


].000 


H 


BT 

2 


(562)0.(42 


'i'.h kip-sec (par. 6-II) 


b. Mass Computation. 


Roof slab 


. 6.c] 




Girder (assumed) 


18(32)42(150) 

12(:i2)l0(.i0 


3 columns (assumed) 


12(24)1 3(150)3 

i 2 (J 2 )iw.(. 


2 wall slabs lQ-5(l8)l5.83( i50)2 ... 
2 wall slabs .i2(.i000) 

Mass of single-degr-ec'or-- 

l/3(colujnns + vail) - ^ ‘ 

c. First 'Brial - Actual 
Assume p = 0.015 (par. 4~i0) 

Let ap = 6 (par. 6-26) 

Assume = O.5O (experience) 

R = C^B = 0.50(562) = 281 kioG 

III K 

Required ^ ^ 


La ; ( vool 

i-fhj'O 


+ girder) + 

n 

4.22 kip- sec /ft 




0 ) 


= 610 kip-ft 
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Approximate average roof preroure = 6.5 psi (estimated in fig. 7,61) 

Average blast load pei co ! ninn -- 3(1000)^ “ kips 

Dead load per colunm r. !y3(8p.O + 85. 2) = 36. 0 kips 
Average column design ioad =- 240 + 36 = 284 kips 


Mo^V^d- .P.|0.5t 


fDf-St - I.YO.-'j 


(eq 4 . 32 ) 


Let p = P' = 0.015, cl' := (t - 4.5) in., d" = 2.25 in. 
b = 12 in., = pbt 

Substituting into prevlou:; C!qiua.tlon 


610 ( 12 ) = 0 . 015 ( 12 )t( 52 )(t - 4 . 5 ) + 2 O 4 
9 . 35 t^ - 42t + ]42t - 1015 - 7320 0 

Solving t = 2[jA) iru 

l^ry b = 12 in, , t ■ i/n. 

M _ 0-015(.l2)l7->(52)(2O - 4.5) , 


o.5t 


284 


2.25 


23.75‘ 


284 

12 


0. 5(2(0 - 


284 


I ■?( 12 ) 3.5 

Mp = 436 + 223 655 kip-l't. 

d"/d = 2.25/23.75 O.Cj'OiO 

For p = p' -■ 0.0i5 ami ri - K.) 

m = np + (n - 1 )p' 0. !5 ) 5(0.015) =: O.2O5 

q. = np + (n - l)p 

k = 0.35 (table 11 RCDH of ACl) 


1-7(12)3.9 

1 


21.5' 


2.25"' L 




12 " 


26" 


— - 0.15 + 5(0.015)0.0948 = 0.1628 


sf k- 

■ 


=bd'' ^ + (n - J)p' jk'- - 2k 



d 


+ np(l - k) 




(0^ 


0- 


= 12(23.75)^ 

(0.0948)^1 + 0.15(1 - 0.35) 


5(0.015) I (0.35)^ - 2(0.35)(0.0948) + 


^ = 13 , 


800 in. 


I = btVl2 = 26-^ 17,576 in.^'' 

O j 

Ig_ = 0 . 5 (lg + I^) = 15,700 in- 

k . , 12(3)103(0,700)3 , ,^-,0 kips/ft 

1)3 (i4.75)3i1A 
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c 

X = R A = 30V3670 = 0.083 ft 

e m 

X = o £> X = 6x = 6(0.083) = 0.498 ft (par. 6-26) 

m e e 

= 2 jt-^mA = 6. 28'^ 4 . 22/3670 = 0.213 sec 


d. First Trial - Work Done vs Energy Absorption Capacity. 

t/t^ = 0.062/0.213 = 0.291 
Cr = 304/562 = 0.54 

t /t = 1.35 (fig- 5.29), t = 1.35(0.062) = 0.084 sec 

The original load-time curve should be revised to obtain a closer ap. 
proximation to the total impulse up to time tjjj. The impulse up to 
t * 0.10 sec in figure 7-60 is H = I.167 psi-sec (obtained by graphical 
integration). 

T = 2H/B = 2(1.167)/25.3 = 0.0923 sec 
t/t^ = 0.0923/0.213 = 0.437 

t^T = 1.2 (fig. 5.29), \ = 1.2(0.0923) = 0.111 sec 


Try again for impulse up to t = 0.12 sec 
H = 1.214 psi-sec, T = 2(l.2l4)/25.3 = O.O96 sec, t/T^ 

= 0.096/0.213 = 0.45 

t^T =1.2 (fig. 5.29), t^ = 1.2(0.096) = 0.115 sec; OK 

= 0.71 (fig. 5.27) 

(BT/2)^ (562)^(0.096)^ 

= aS = ar“= S-f^) = 

\ = Vp = 0-71(86.5) = 61.5 ft-kips 

E = - 0.5Xg) = 304 [0.498 - 0.5(0.083)] = 139 ft-kips 


86.5 ft-kip£ 


Since E » W a new trial should be made, 
m 

e. Second 'Trial - Actual Properties. Since E » W , the inter- 


mediate value of energy for use in determining the second trial is ot' 
tained as follows: 


R = 
m 


0.5(W^ + E) 


m 




m x^ 0.498 

Reauired = 436 kip-ft 
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.k2f 


Use same column consteuits as above and substitute into equation 32 ) 

^36(12) . 0.015(12)t(52)(t - 4.5) . 264 [o.5t - 

9 . 35 t^ - ^ 2 t + 1 ^ 2 t - .1015 - 52^0 » 0 

t = 21 ia-, try b » 12 in., t = 20 in. 

Q.015(12)20($2)(20 - 4.J3) ^ ^ Tq 284 I 

Mp = ' 12 12 L 1 . 7 ( 12 ) 3 . 9 ] 

= 242 + 152 = 39 ^ kip-ft 


a-/d = 2.25/(20 - 2.25) = 0.127 


For P = P' = and n = 10 

m = np + (n - l)p’ =0.15 + 9(0.015) = O.285 

(1 = np + (n - l)p d"/d = 0.15 + 9(0.015)0.127 = 0.167 

k = 0.36 (table 11 RCDH of ACl) 


It - "" 


3 


+ (n - l)p 


2 k 


(?f| 


+ np(l - k)^ 


= 12 ( 17 . 75 )^ 


( 0 . 36 )-^ 

3 


5(0.015) {(0.36)'^^ - 2(0.36)(0.127) + 


( 0 . 127 )^} + 0 . 15(1 - 0 . 36 )'‘ 

= 67 ^ 200 ( 0 . 0 ^ 145 ) = 50 'iO ln.^‘ 

I = ttVlS = (20-'0 ''-loao in.^' 

g ' 

I = 0.5(1 + L. ) = In. ‘ 

a 8 ^ 


1^ ^ . ly^,) l,l,,n/ft 




h-’ 

h 


( ll(.Y 5 ) 'i'tJi 
2(3 , /^ I HP k ipr, 


X = R /k = 182/1590 - 0.114 ft 

X = ao X = 6x 6(0.114) - 0.6P4 ft ({mr. 6-26) 

m ' e e ^ 

= 2n-^m/k = 6. 28-^4. 22/ 1590 == 0.322 sec 
f. Second Trial - Work Doncf vs Encrfc'y Absorption Capa city^ 

T/t^ = 0.096/0.322 = 0.29c 3 
Cg = R^B = 182/562 = 0.324 

tjT = 1.8 (fig. 5.29), t^ = 1.8(0.096) = 0.173 sec 
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The value of exceeds the value of t = 0.12 sec for vhich the value 
of T = 0.096 was obtained. -Bae idealized load-time curve should be revised 
to approximate more closely the total impulse up to t^^. The total impulse 
up to t = 0.20 sec (fig. 7 . 60 ) is H = 1.37^ psi-sec (obtained by graphical 

integration ) . 

T = 2H/B = 2(l.37i^)/25.3 = O.IO 9 sec 
t/t = 0 . 109 / 0.322 = 0.338 

t /T = 1.75 (fig- 5 . 29 ), \ = 1 . 75 ( 0 . 109 ) = 0.191 sec; OK 
m' 

C„ = 0.83 (fig. 5 . 27 ) 

^ O 

(BT/ 2 )^ _ (562)^(0.109)_ ^ pip.o ft-kips 
S 8(4.2^ 

w = = 0.83(111.0) = 92.1 ft-kips 

m W P 

E = R (x - 0.5x ) = 182 [0.684 - 0.5(0.114)] = ll4 ft-kips 

~ m' m G 


2.44" 






iST 

F==S\ 








17.56'' 

15.12" 






1 



- 

II 

I 



12 



E is slightly greatei- than W and another 
trial might be made. It is desirable, however, 
to be conservat ive in tiie preliminary design be- 
cause simplil’ying assumptions are used (par. 
7-44). Tliercfore the L2 i-y 20 column is selected 
as the preliminary design .'ind an actual column 
section is selected to establish the column 


plastic bending moment for use in the giiaier ue;-j.gri that toJlows in 
paragraph 7-43* 

d" = 2.44 in., d = 17.56 in., d' = i5.’:2 in., 3 //9 dare, 


A = A' = 3 in. 
s s 




3(52)15.12 , 284 
I2 12 


' 1.7(h)l'J^ 

'to 284. 

1.7(12)3.9 


-;97 + 237 - 04.5 =350 kip-ft 


7-43 DESIGN OF ROOF GIRDER. The frame of this building consists of three 
rectangular columns supporting a rectangular girder which forms a tee b 
with the roof slab. The roof girder is designed to resist the combin 
vertical loads on the roof and the lateral loads on the frame as explained 
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aragraph 7-11- Since thin nuuiiial prcividen a tectaique for handling 
r single-span elementc, the cent inuoun gird+n' ii; designed to withstand 
leal loads as a beam fixed at t.iie inter ioi- nupfxyrt and pinned at the 
rior support. 

Although the other strueturai element:; of thir, building are permitted 
eflect plastically, the girder :;hould be designed to beliave elastically 
hat proper restraint in imiintalned fur the co.Uutm tliroughout the de- 
tion history of the frame. 

The design bending moment of 
girder is the sum of the moment,;; 
he fixed support due to (l) the 
slab dynamic reaction::, (l*) the 
ic loads, and ( 3 ) the fi-ume a<-- 
, The moment due to I'rumo 
in a two -bay t r ame i r. f * q t m : t , < i 
lalf the CO Imxi | j 1 fi tlr nu nwtii. 

• 7-11)- 

The girder Ir, tier. ii-UifMi ar, h t.rr s.f'.'Ud in t.hr f<‘f.»;!on of' positive mo- 
In the region ot‘ nriuit, [vf niMn;f*nt. nrar* t,hc* interior n\ip]K3rt the girder 
rectangular r,('rtinn. ill:: in a K.ir'd<‘r of variable moment of 

la for which tiiore ar-o fir^ ‘:;r. i< ur; !‘ot' H . y . and k., (par. 

, and table 6 .^ 1 ). 

a. Loading. The !’r?ur.f gir-dfu* inadirig rcr.ultr. from the 

wave traveling para.N-i tj) tiir gird»*r. :;inrc t.hc girder ic parallel 
e short side o{‘ the b:;i niii.g appj'upr ial.<‘ roo!’ loading is from the 
3 condition, idir »; .'taiiing tJn* vari.at.inn of the local roof 

ressure varies ronto nu* h.s; :;/ !*!'fint. t.o l»a<*k of the building. 

To obtain the i.nir variation m*' sJat. dyn/unif’ r(*action on the girder 
be a tedious tas.k as, vr.. as, lin/josd. i r i eti in the light of all the pos- 
inaccuracies. In this a i-ans^Tvat Lve loading based on the 

snt overpressure siirvi* (fig. ‘f.h'f) is- us,e*d as the basis for the slab 
i-n determining the girder load. 11 ns i s warranted because in general 
^ab reaches its ma>:iimxm di:,;p :aru.‘ment before the vortex action in 
5 has an opportunity to redura:* the Incident overpressure to the local 


f ♦ 1 

i 

i 



! 

,J li 



4 . 

' ’ M ! Mt ! ! 1 M n ] 


20’" O' 





J.ktXLilLLLiI 


iii 














roof overpressijre (see pars. 7-23 and 7-25 and table 7.5). 

Hie girder load is determined from the slab dynamic reactions for in- 
cident overpressure with the blast wave traveling parallel to the girder. 
Plotting from table 7.25 the same variation of dynamic reaction at the 
front and rear ends of the girder and averaging 
the total load on the girder gives the variation 
of average girder load from one slab in figure 
7.65. Hie preliminary design load is obtained by 
idealizing the load-time curve in figure 7.65 and 
multiplying by two to account for the two slabs 
loading the girder. The idealized load is 

B = 12.2(2) = 24.4 kips/ft 
= 0.032 sec 

b. Elastic Range Dynamic Design Factors. (Refer to table 6.4. ) 

Kj.=0.58, = k ^ = 0.78 

k = f^EI^/L^ (fig. 6.29) 

\ = ^l^s/^ ^*27) 

Vs = ^2\ 6.28) 

“n = ^l^/^l 6.27) 

= O.26R + 0.12P 

= 0.43R + 0.19P 

c. Mass Computation. 

Slab and roofing . 6.0] ^^0 = ^1-0 kips 

Girder (estimate) = = 13.5 kips 

Total mass = = I.69 kip-sec^/ft 

d. First Trial - Actual Properties. 

Estimate tee beam action for first trials 

fl = 9 , fg = 0.67, f^ = 240 

Assume D.L.F. = I.5 (experience) 

Rj^ = D.L.F. (B) = 1.5(24.4)(20) = 732 kips 
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Moment in girder at interior support (fixed support) due to static 


loads 

M = VL/8 = (4l.O + 13.5)20/8 = 136 kip-ft 

Moment in girder at midspan due to static load 

M = 9WL/128 = 9(54.5)20/128 = 77 kip-ft 


Moment from column 

M = 0.5Mp = 0.5(350) = 175 kip-ft (par. 7-42f ) 
Moment resistance required for vertical blast loads 
M = Rjj^L /9 = 732(20 )/9 = 1630 kip-ft 
Tb-e total moment resistance required 


1630 + 175 + 136 = 1941 kip-ft 


Mp . 



(ea 4.16) 


Assume p = O.OI5 

Mp = 0.015(52)bd^ [1 - 


0.688bd^ = 1941(12) 


= 23,300 kip-in. 

If b = 20 in.,, d = 41.2 in.; try h = 45 in., d = 4l.5 in. * 

From figure 6.28 estimate f^ = O.67 (from experience) 

Midspan moment = 0.67(1630) + 0 + 77 
= 1090 + 77 = 1167 kip-ft 
Ratio of midspan tension reinforcement 
to interior support tension reinforcement is 

1167 


I2N0.9 


6N0.9 


2.25 

L 




45 


41.5 


1941 


= 0.60. 


Efffctivf Section at Interior Support 



20 " 


Effective Section at Midspon 


Rectangular section at fixed support 
np = 10(12)/20(41.5) = 0.l445 
np' = 10(6)/20(4 i. 5) = 0.0722 
I = 20(45)^12 = 152,000 in.^ 

O 

m = np + (n - l)p' 

= 0.1445 + ^ (0.0722) = 0.2095 

q = np + (n - l)p' 

= 0.1445 + ^ (0.0722) = 0 .l 48 
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k = 0.38 (tab le I I HCDIl o.i' ACl) 
kd = 0.38(4j,..57 -= i ' j‘f 

= 20(15. 7)V3 + 9(b)( 13.^15)^ + 12.0(10)(25.8)^ 
= 19,350 + 9750 + 80,000 109,000 in.^ 

Ii = + I+)0.5 - 130,000 in.^ 

J- B ^ 


ife e section at midsi^n 

np = 10(7)/82(42.75) - 0.0200 
np' = 10(4)/B2(42.75) - 0.0114 

q; _ r-82(7.75)^'^]/2 -I [20(37.25)^]/2 
y - 82(i75) + 20(37.25) 


11,640 

1380 


= 8.45 in. 


J, ^ . ,380(8.45)^ 

S -J .5 

ii 

= 12,700 + 3^15,000 - 9^3,500 - 250,200 in. 
m = np + (n - 1 )f)' • 0.0200 + 0.9(0. 01l4) = O.O3O3 

<1 = np + (n - l)p' ^ - 0.0200 + 0.9(0.0114) = 0.0205 

k = O..I8 (table I I RCDH of ACl), kd = ( 0 .l 8 )( 42 . 75 ) = 7.7 in. 


= Ml: 7 ) : ' + 9()i)(Y.Y - 2.25)^ + 10 ( 7 )( 42.75 - 7 .?)^ 

4 

12,500 t lOYO I- 86,000 = 99,570 in. 

Ig = 0.5(1, + I^) 179,^100 in.^ 

I^Ig ^ 130, 000/1 79, '100 = 0.725 


= 8.85 (fic. 6.2Y) 
fg = 0.66 (rig. 6.28) 

= 235 (flG. 6.29) 

k = ^ 235(3)l0^(l30,00Qi ^ 79^500 kips/ft 

^ (20)^144 

At the interior support 

Mj. . 

- 0.01^^5(52)20(41.5)^ 

12 


(eq 4.16) 


r 0 . 01445 ( 52 ) 

|_^ " 1. 7(3.9; . 


= 1910 kip-ft 
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T 


n 



6.28 


.1 0.78(1.69) 
M 79,500 


= 0.0256 sec 


T /Tjj = 0.032/0.0256 = 1.25 


D.L.F. = 1.18 

t /t = 1.3 

m' r 


(fig. 5.21) 


t = 1.3(0.032) = 0.0417 sec 

HI 

The idealized loading is a satisfactory approximation for the loading 
in figure 7*65 • 

Required R = 1.18(24.4)20 = 575 kips 

The available resisting moment at the interior support for vertical 


blast loads is 

M = 1910 - 136 - 197 = 1577 kip- ft 

The available resistance is 

^Im " ^l“ps/^ " 8.9(l577)/20 = 700 kip- ft 

The available R^ is greater tiian the required Another trial 

will be made by reducing the amount of rci.nl’orr Lng :rteel. Reducing the 
steel required by the ratio of the resistance caiiui lated above 
Use 10 tension bars; == ( 575/700) ( IT') 9.85 in.*' 

p = (l0)/20(4i.5) = 0.01205 

^ _ 0.qi205(|)20(i>i,5g |-, . tip-rt 

Assuming no substantial ciiange in I./l., and tdic: available resist- 
ance is R^ = 8.9(1635 - 197 - i36)/2G r kipr, - 5i’5 kipi-, 
e. Second Trial - Actual Proport ier, . 

Rectangular section at fixed supT)ort 
np = 10(10)/20(4 i. 5) = 0.1205 
np' = 10(6)/20(41.5) = 0.0702 

I = 152,000 in. 
g 

m = np + (n - l)p' = 0.1205 + (o.O'/O;') - 0. i;':4 

q = np + (n - l)p' ^ = 0.1205 + ^ (C.0','02) - 0.124 

k = 0.35 (table 11 RCDH of ACl) 
kd = 0.35(41.5) = 14.5 in. 
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200ibli^ + <](.,)( i;'.. -O'' io(io)(2T.o)^ 

jj- ^ •«'' ' ' ^ 

= 20,300 + "'.iOC + Y3,S'00 i 0 :i, 4()0 in. 

= o. 5 (lg + ' 

.»r-tion at m lilni«3.n 

^ TZ* at n'i!i;;pan ^ 0.6(l0) = 6 bars (par. 7 - 43 d) 
The tension r-.tff . -iL n,i 

™ = io(6)/B;’ ( 4 ;>-T 0 o.iJiYi 


5 ' = 10 ( 3)/00 (42 .’ft) 


m = np + ('^^ " ‘ ‘ 5 - ''' f ‘ 

q = np + "(T 


(I + ().y(o.oofi55) = 0.0248 

.(jlYi + 0.9(0.00^555) §5775 0.0175 


165 (tutOc i 1 i^ODH uf AOl) 


Ic = 0.105 ^tuMc I 1 

kd = 0. U' 5 ( 4 ‘’- I •) ^ • 4 /j + I )0.5 = 170,200 in.^ 

I = 8,1,300 lru\ 1^, :'tY,’.-00 .n. , 1^ ^ (Ig + 

I^^/Ig - r.^.,Yo<'/iY‘V--‘'‘' 

4 ^ ^ R .Pi ft' 1 R ^ * i ) 


f = B.i’i ( t' R- f . I ‘ i ) 
1 

f ' = O.BB'y 

u = 232 (t’o-o ''••”0 


1 (. ■ V. ■ ) -lCL' :,) ■(<), 000 k J.ps/rt 

'l' ‘'■'^"(.- 0':44 

f ^ I hf '• ,■ ^ I ' ‘ . o. 025'f sec 

2 "-^ - 7 r' ’fib”'’^' 


T -r Oil 
n 


T /T 0. 
r' n 

D.L.F. ■ 


( 1 


(t'iK- 0.,'i) 

;..• (; 4 . )i )(-'‘0 575 kips 


Reciuin.'ci H . . • v - ^ 

f. I^r'CM 1 i!ii nary ^ 

•, « oj,',Kvrn ” 356 

T?o4" 7 mo'f r»f 1 V '-•''•-a.,.. 


Estiniat 


':" /, Y '“v,. i',’(ii«.) - wo p=i 


Allomb le u r.. i . ■ • - - 

V ;■•('■> sOi''‘k‘) - i'p.O .in. 

^■^° = TI3J " wWF !-5 ^ 

= 10 #9 l>aiT. in two rows., - 1° 

/ 10 ^ = 0.01205 

>:o = 35.4 In., p - A./b'i o: 7 ^ 0 ( 4175 ) 
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g. Determination of Maximum Deflection and Dynamic Reactions -hy 
w.nr.arioal Integration. Since the trial size rnay be used directly without 
modification reference is made to the previous computations for pertinent 





20 ( 37.23 


Revised girder weight - Ig- (ia)io00 - 

= 15.6 kips 

, , 4 l.O + 15.6 , . 2/ 

Total mass = kip-sec /ft 


Static load girder moment 
= (^1-0 


WL 


p-ft 


Maximum girder re sir, lance in elastic 


Figure 7.66. Resistance 
function for girder 
spanning 20 ft 


range = 
= 570 kip;; 


K:-035 



ml 


7 


e 


^hn _ 5TQ 

k^ 79,000 


= 0.0072 ft 


The basic equation for the nunierica integral; or; in table 7.20 is 

(table 3.3) "here 


e 1 ' - 1 


2 (p, - 

- V-) 


K ( " 


(P - R )(6.25)(10' 

^ 0.78(1.78} 




(:(/ 


- 


H ) 

n 


ft, elastic 
range 


The time interval At = 0.0023 ;';ec i;; a:.p;-f i:; i;nale- i.y 'l-Vj/'O = 0.00257 
sec (par. 5-08). 

The dynamic reaction equations are ilslc'd in ijaragrail; 7-^31. 

P values for the second column are obtained rrom i'ir.nre '('.03, multiplying 
n 

by 2 X 20 to account for the 20-ft span and the two s iabs loading the 
girder. 

The maximum deflection computed in table 'f’.Slj is (•^n^nax ” 

This is less than, but close to, the specified maximum lection, 

7 q = 0.0072 ft. The design is satisfactory. 
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Table 7.26. Determination of Maximum Deflection and Dynamic Reactions for Roof Girder 


(sec) 

p 

n 

(kips) 

(kips) 

P„ - R 
n n 

(kips) 

(ft) 

(ft) 

V 

m 

(kips) 

1 '^ 

0 

0.0025 

0.0050 

0.0075 

0.0100 

0.0125 

0.0150 

0.0175 

0.0200 

0.0225 

0.0250 

0.0275 

0.0300 

0.0325 

0.0350 

0.0375 

o.ouoo 

0.0U25 

0.0450 

0.0475 

0.0500 

0.0525 

0 

28.0 

56,0 

96.0 

136.0 

192.0 

256.0 
312.0 

360.0 

408.0 

436.0 

460.0 

472.0 

480.0 

484.0 

488.0 
488 .0 
488.0 
488.0 
488.0 
488.0 
488.0 

0 

1.6 

12.6 

39.3 

86.3 

151.1 

230.7 
319.3 

402.2 
469.9 

515.3 

532.2 

523.2 

495.8 

462.7 

437.3 

430.1 

443.7 

473.2 
508.0 

535.7 

546.2 

4.4 

26.4 

43.4 

56.7 

49.7 

40.9 

25.3 

-7.3 

- 42.2 

-61.9 

-79.3 

- 72.2 

- 51.2 

-15.8 

21.3 

50.7 

57.9 

44.3 

Lb .8 
- 20.0 

-47,7 

- 58.2 

0.000020 

0.000120 

0.000197 

0.000258 

0.000226 

0.000186 

0.000115 

-0.000033 

- 0.000192 
-0.000282 
! -0,000361 
-C.OOO328 

-0.000233 

-0.000072 

0.000097 

0.000231 

0.000263 

0.000202 

0,000067 

-0.000091 

-0.000217 

-0.000265 

oppppppppppppppppooooo 

iiiiiiiiiiiliiir 

0 

4 

10 

22 

39 

62 

91 

120 

148 

171 
186 
194 

193 

186 

178 

172 

170 

174 

182 

191 

198 

201 

0 

6 

16 

35 

63 

102 

148 

197 

241 

280 

304 

316 

315 

304 

291 

281 

278 

284 

296 

311 

323 

328 


* ‘ ft ■ 


h. Shear and Bond Strength. 

For interior support end of girder (fixed nf ./.ed girder) 

^max "" 328 kips (table 7-26) 

For no shear reinforcement, allowable v = 0.04f' + 5000P (^<1 4.24-) 
Vy = 0.04(3000) + 5000(0.01205) = 120 + 61 = 181 psi 
V = ^ = §4 2 8^ 000) - 1,52 psi 

TBd 7(20)41.5 ~ 


Shear reinforcement required for 452 - I8I = 271 psi 
Contribution of shear reinforcement to allowable shear stress = rf^ 
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7^31 


' iorSo ' 

t 

Tty ^ 4 "^, Ag = 0.80 in. 


r = 


0.80 


^ = 0.00677, .*. s = 5.9 in., use s = 6 in. 


For exterior support end of girder (pinned end of idealized girder) 

V = 201 kips (tatle 7 . 26 ) 
m&x 

V = 0.04(3000) + 5000(0.00171) = 120 + 9 = 129 psi 

y 


8V 8(201,000) 

■ 7M • 


Shear reinforcement req.uired for 268 - 129 = 139 Psi 

>■ - lioriro “ _ 

Try 4 #4, Ag = 0.80 in.^ 


Bond 


r = 


u = 


% _ 0-80 
Bs ~ 2b(s) 


8V 


= 0.00347; 


s = 11.5 in., use s = 11 in. 


8 ( 201 , 000 ) 

72od " 7(h.3)42.75 " 


Allowable u = 0.15f^ = 0.15(3000) = 450 psi; OK 

±. S-ujnmary. 

Girder 20-in. X 45-in. tee beam 

7-44 FIML DESIGN OF COLUM. This column design for plastic behavior was 
begun in paragraph 7-^2. The calculations which follow illustrate the 
steps which are needed to determine the adequacy of the preliminary design. 
The primary objective is the calculation of the lateral displacement of the 
top of the column as a function of time by a numerical integration. 

In the preliminary design of the column some of the factors which 
affect the maximum deflection of the column are neglected to simplify the 
computations. These factors which are now considered are: the variation 
of plastic hinge moment with direct stress^ the variation of column re- 
sistance with lateral deflection, the effect of girder flexibility on the 
stiffness of the frame, the difference between the load on the wall slab, 
and the dynamic reactions from the wall which are used as the lateral design 
load for the frame columns. 
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Reference should he made to the preliminary design in paragraph 7 - 42 . 
a. Mass Computation. 

Roof slab = 82.0 kips (par. 7 - 42 b) 

34.25(20 )(4i. 67 )15_0 _ 29.8 kips 

Girder stem = 12(12)1000 ^ 

12(20)13 (1^0)3. ^ Y 5 jjips 

Columns = ' 12( 12)1000 ^ ^ 

Walls =74.8 kips (par. 7 - 42 b) 

Mass of single-degree-of -freedom system = total roof + 

n V 82.0 + 29^8 + 0,33(? *T5 + 7^-81 

i (columns + walls} = — ^ 32.2 

= h. 3 ^ kip-sec^/ft 
1 . Column Properties* 


(See par. ) 


b = 12 in., t = 20 in., d = 17-56 in. ^ 

d' = 15.12 in., d" = 2.44 in., = 3 in. 


p = 0.0142 




[»■ 


5 t 


D 




(eq. 4 . 32 ) 


M = 196.6 + o.SsPpj “ o.ooio 5 Pp 

c. consideration of the 

xlbllity of the girders generally results In a value of ^ 

■ing constant k which is less than the value obtained for 

n • (^a-y 7-08) To obtain this re- 

.ff girders in the preliminary design (.par. I J „ . 

n • rv-p H-hP frame is made. From the 
ied value a simple sidesway analysis of the fr ^ 

• 4. rn-p fhp lateral load required to 
Lesway analysis k is the magnitude 0 

ise unit displacement. -in 

^e elastio sidesw ai^lysis (the results 
Sire 7.67) is performed for initial column ^«n of 

i bottom of each column. This is equivalent o 
e top of the column. 

(F.E.M. )h^ 1000 ( 14 . 63 )^ 1 ^ = 0.249 ft 

- 6EI 6(3)10^(6890) 
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7-44d 



From figure 7.67 


R 


k 


^ = 2(250 + 97 ^ 00 ) 
wts — - 

^00 kips 

R ^ 4oo 

X 0.249 

1600 kips/ft 


In this example the girders 


Figure 7,67, Sidesway analysis by 
moment distribution 

spring constants (par. 7-^2e). 


are relatively stiff and there 
is no significant reduction in 


d. Loading. The F column of 
- ; - " n 

(table 7-27) is obtained from figure 


the numerical integration analysis 
7.68. The first part of figure 7.68 


Table 7.27. Determination of Column Adequacy 


t 

(sec) 

p 

roof 

(psi) 

P 

— = (P ) 
(kips) 

P /h 
n' c 

(kips/ft) 

«D 

(kips/ft ) 

R 

m 

(kips) 

F 

n 

(kips) 

R 

n 

(kips) 

P 

n 

X 

n n 
c 

(kips) 

p 

F - + vT X 

n n n 

(kips) 

\(Atr 

(ft) 

X 

n 

(ft) 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

O.llf 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

0.23 

0,2 k 

0.25 

0 

2.90 
5.80 

8.70 

8.30 

7.90 

7.51 
7.15 
6,84 

6,53 

6.26 

6.00 

5.76 

5.52 

5.30 
5.11 
4.92 
4.74 
4.58 
4.44 

4.31 

4.18 

4.06 

3.9^ 

3.81 

3.70 

37.3 

lii 8.1 

259.0 
369.9 

354.6 

339.3 

324.4 

310.6 

298.8 

286.9 

276.6 

266.7 

257.5 

248.3 

239.9 

232.6 

225.4 

218.5 

212.4 

207.0 

202.1 
197.1 

192.5 

187.9 

182.9 

178.7 

8.8 

34.9 

60.9 

87.0 

83.4 
79.8 

76.3 

73.1 

70.3 

67.5 

65.1 
62.7 

60.6 

58.4 

56.4 

54.7 

53.0 

51.4 

50.0 

48.7 

47.5 

46.4 

^5.3 

44.2 

43.0 

42.0 

358.9 

397.3 

355.4 
353.1 

350.9 
3^.3 

345.9 

343.3 
340.7 
338.0 

335.3 

332.9 

330.4 

327.9 

325.5 

323.4 

321.4 

319.4 

317.5 

315.5 

313.3 

311.4 

168.9 

168.1 

167.2 

166.2 

165.1 

163.9 

162.8 

161.6 

160.3 

159.1 

157.8 

156.7 
155.5 

154.3 

153.2 

152.2 

151.2 

150.3 

149.4 

148.5 

147.4 

1 46.5 

125 

355 

386 

366 

355 

282 

145 

100 

55 

54 

52 

51 

50 

49 

47 

46 

45 

44 

43 

4 i 

4 o 

38 

36 

34 

32 

30 

0 

2.3 

17.6 

46.4 

87.2 

137.9 

167.2 

166.2 

165.1 

163.9 

162.8 

161.6 

160.3 
159-1 

157.8 

156.7 
155.5 

154.3 

153.2 

152.2 

151.2 

150.3 

149.4 

1 48.5 

147.4 

1 46.5 

0 

0.1 

0.7 

2.5 

4.5 

6.9 

9.3 

11.4 

13.3 

14.9 

16.3 

17.4 

18.3 

19.0 

19.5 

19.9 
20.2 

20.3 

20.4 

20.4 
20.2 

20.1 
19.8 

19.4 

62.5 

352.8 

369.1 

322.1 

272.3 

151.0 

-12.9 

-54.8 

-96.8 

-95.0 

-94.5 

-93.2 

-92.0 

-91.1 

-91.3 

-90.8 

-90.3 

-90.0 

-89.8 

-90.8 

-91.0 

-92.2 

-93.6 

-95.1 

0.00144 

0.00811 

0.00849 

0. 00740 
0.00626 
0.00347 
-0.00030 
-0.00126 
-0.00222 
-0.00218 
-0.00217 
- 0.00214 
-0.00211 
-0.00209 
-0.00210 
-0.00209 
-0.00208 
-0.00207 
-0.00206 
-0.00209 
-0.00209 ' 
-0.00212 1 

-0.00215 1 
-0.00219 < 

0 

0.00144 

0.01099 

0.02903 

0.05447 

0.08617 

0.12134 

0.15621 

0.18982 

0.22121 

0.25042 

0.27746 

0.30236 

0.32515 

0.34585 

0.36445 

0.38096 

0.39539 

0.40775 

0.41805 

0.42626 

0.43238 

0.43638 

0. 43823* 
0.43789 

* = 0.44 ft. 

max 



- 
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744e 


is lased on dynamic reaction column of the wall slab ajialysis (table 
7 . 23 ). The dynamic reactions for a one-foot width of wall are multipHeii 


by 18 , the width of one frame bay. 

The portion of the curve after t = 0.045 sec is based 
lateral overpressure curve (fig. 7-6o). Here the values of 
from 

Y = 144(18)8.56 p 


1000 


‘net - >^5= 


on the net 

are obtained 


where P . is in psi. The dimension 8>56 is eq.ual to one-half the front 
ne'e 

wall clear span plus the roof slab thickness, I /2 ( 15 . 82 ) + O .65 = 8.56 ft 
e. Numerical Integration Confutation to Determine Column Adequacy. 
The total vertical load is obtained by multiplying the average roof 
overpressure (fig. 7 » 6 l) by 

(44.25)(i8)i44 _ 

1000 ~ ^ 


and adding the dead weight of the roof system (112 kips). The (P^)^ values 
are the average axial column loads and are obtained by dividing the total 
vertical load by 3, the number of columns. The (Pp)j^ column is used in the 
formula of paragraph 7-44b to obtain the value of (Mp)^. The value of 
(Mp)j^ is used in turn to obtain the maocimum resistance at any time from the 
relation 

2n(M^) 2(3)(IC)^ 

= 0.47(Mp)^ 


(R ) = 

' m'n 


12.75 


R is equal to kx = l600x in the elastic range. In the plastic 
range the limiting value of is The expression indicates 

the decrease in resistance corresponding to the increase in moment re- 
sulting from the eccentric loading. 

The basic equation for the numerical integration analysis in table 
7.21 is 

^n + 1 = ^n “ ^n - 1 5-3) 


where 
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F - R + 
n n 


m 


r P X 1 

5-^ F _ R + -iLS 

2 n n h 
-£.J. fAt r - \=——, c_J^ 
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(O.Ol)'^ 


= 2.3(10'^) 


P 

F - R + ^ (x ) 
n n h n' 
L c J 


The time interval At = 0.01 sec used in table 7.2? is less tbgn one- 
th the natural period, = 2k^ m/k = 6.28-^4-.35/l600 = O.327 sec. 

0 # *^27 

= 0.01 < ■ ''yq" = 0.0327 (par. 5"08) in order to provide a more faithful 
resentation of the load curve (fig. J.68). The allowable maximum 

placement = — = O.627 ft (par. 7-^2c and table 7-2l). The 

3uted maximum displacement = 0.44. Thus the design ap = 6 = 4.2. 

design is satisfactory, 
f. Shear and Bond Stress. 


167.2 


=55.7 kips (table 7-27) 


max 3 
For ncr shear reinforcement 

Allowable v^ = 0.04f^ + 5000p (eq 4.24) 

Vy = 0.04(3000) + 5000(0.0142) = 120 + 71 = 191 PSi 

V = -§V _ 8(55, 700)^ ^ _ .Q, 

Tbd 7(l2)(i7.56 ) - 

Shear reinforcement required for 3^3 - 191 = 112 Psi 

Try 1 #4, = 0.20 in.^ 

s 


r = 


IIP 

5oFoo - °-o °28 


'=bf = °- 0028 .^ 


s = 5*95 s = 6 in. 


Zo = 8.9 in. 

Allowable u = 0.15f ' = 0.15(3000) = 450 psi > 407 psi; OK 


'JUMERICAL EXAMPLE, DESIGN OF A ONE-STORY REINFORCED-CONCRETE FRAME 
BUILDING- -ELASTIC AND ELASTO-PIASTIC BEHAVIOR 

GENEIRAL. This numerical example presents the design of a typical bay 
windowless, one- story, reinforced— concrete rigid-frame b\xilding in 
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746 


which the primary elements are 
permitted to deflect elasti- 
cally and the others to deflect 
into the elasto -plastic region. 
The example includes the design 
of a typical wall slab, roof 
slab, girder, and column. 

The building consists of 
reinforced-concrete rigid 
frames and reinforced-concrete 
wall and roof slabs. The wall 
slab is a one-way slab span- 
ning vertically, supported at 
the bottom by the wall footing 
which is integral with the 
foundation, and at the top by 
the roof slab. The roof slab 
is also a one-way slab spanning continuously over the reinforced-concrete 
frames. The roof girders are tee beams formed by the roof slab and a rec- 
tangular girder stem. The columns are rectangular tied columns symmetri- 
cally reinforced in the strong direction. 

7_46 DESIGN EROCEDURE. The over-all design procedure illustrated by this 
example is essentially the same as the procedure detailed in paragraph 7-29 
for the elastic design of a steel rigid-frame building with reinforced con- 
crete walls and roof . 

j-k-j lOM) DETRRMTNATTOT ^ The computation of loads is explained in 
EM 1110-3^^-5-413 and illustrated again in paragraph 7 -I 9 for a one-story 
building. In this example the necessary load curves are presented without 
explanation or computation. The design overpressnure of 10 psi is selected 
arbitrarily for this example. 

The overpressure vs time curves that are presented are: 

( 1 ) Incident overpressure vs time (fig. 7«70) 

( 2 ) Front face overpressure vs time (fig. 7-7l) 

( 3 ) Rear face overpress-ure vs time (fig. 7-72) 

(4) Ret lateral overpressure vs time (fig. 7-73) 

( 5 ) Average roof overpressure vs time (fig. 7»74) 
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Figure 7,69, Plan and section of hull ding 
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'^Hgure 7,70, Incident overpressure vs time curve 


Front Face Overpressure, Pfront^P®'^ 
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B = 25.3 



0 / 0 . 
T = 0.06l 


0.2 0.3 

Time, t (sec) 


Figure 7.71 Front face overpressure vs time curve 
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Figure 7,72, Rear face overpressure vs time curve 


Net Lateral Overpressure, Pnet^P®') 
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r 
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Fi<^UTe 7 . 74 . Average rooj overpressure vs time curve 
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14.75' 




L= 14.75* 
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'j_]^Q design of WA-LL slab. Ttie wall sla.b is designed by considering an 
element one foot wide, spanning vertically between a fixed support at the 
foundation and a pinned support at the roof slab. The wall slab is de- 
signed to deflect through the elasto-plastic range up to the beginning of 

the plastic range. This means that the 
design load is expected to cause develop- 
ment of plastic hinges first at the fixed 
support and then near midspan. 

This is an exan^ile of a design for 
which the elasto-plastic design procedure 
is used. Another method of design which 
could be used utilizes the elastic design 
procedure and an artificial maximum re- 
sistance (par. 6-li4-e). 

The design span length is equal to the clear distance between the 
foundation and the roof slab. The dead load stresses are not considered in 
a vertical wall. 

a. D esign loading. The design load as idealized from the computed 
loading shown by figure 7-71 is defined by: 

B = 25.3 psi = ^^•^^1000^ - — = 53.8 kips 

T = 0.061 sec 

jj _ ^ = ^^3‘8^0. 061 _ ]^ip_sec (par. 6-II) 

b. Dynamic Design Factors. (Refer to table 6.1.) 

Elastic range: 



Time (sec) 


= 0 . 58 , 


hn 


Vp = O. 26 R + 0.12P, 


Elasto-plastic range: 

= 0.64, 


k -iSSI 

Vg = O. 43 R + 0 . 19 P 

!i„ = 0.50, 
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0.78 



Me 


V = 0.39R + O.llP 


= 38^EI 
■ep 5^3 


Lastic range: 

% = 

erage values: 

= 0.5(0.58 + 0.6ij-) = 0.61 
= 0.5(0.1^5 + 0.50) = 0.47 

'm ■ I 

kg = (plastic design, Mpg = ^) 
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c. First Trial - Actrial Properties. 

^s = ^ ^ 

Assume p = O.OI5 at midspan cross section (par. 4-10} 
Assume = I.7 (experience) 


\ = CjjB = 1.7(53-8) = 91-5 kips 


Mp . Vt^M‘ 


V "•'"'Ac/ 


(eq, 4.16) 


m 


= 0.015(52)(l)d^ [1 - = 0.688d^ kip-ft (d in inches) 

= = 91.5, d = 12.75 in. 


Try h = l4 in., d = 12.5 in., p = 0.015> np = 0.15 
Mp = 0.688(12.5)2 = 107.5 kip-ft 


R = 

m 


= _ 12(107.5) _ 


14.75 


87.5 kips 


Ig = hh3/l2 = (14.0)3 = 2740 in.^ 

= hd3 + np(l - k)^j = 12(d)3 + 0.15(1 

= 0.905d3 = 0.905(12.5)3 = 1770 m.^ ^ 

\ = 0 . 5 (lg + 1^) = 0.5(2740 + 1770) = 2255 in. 

k_ = 2^ = . a6Q)3 (io )^? .22i = 2340 kips/ft 
l3 (i4. 75)^144 


0.42)^] 
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7-48d 


-iBht - = ,.58 

Mass m = = O.O8 kip-sec^/ft 

ki = ^ kg = 1.155(2340) = 2700 kips/ft 

384 
5 (i 5 c 

^ _ 8(107.5) 


^ep = 5ti5^ ^ = 0.48(2340) = 1120 kips/ft 


Im 


14.75 


=58.3 kips 


= -^ = &2 = 0.0216 ft 


2700 


^ep 


' "is = O.OPlfi . = 0.<A76 ft 


k 


ep 


d. First 'Trial ~ Equivalent System Properties, 
R = K_R = 0.61(87.5) = 53-4 kips (eq 6.12) 

1110 Li ni 

E = Kt-H = 0.61(1. 64) = 1.0 kip-sec (eq 6.8) 

0 L 


m 


= lyn = 0.47(0.08) = 0.0376 kip-sec^/ft (eq 6.2) 


T = 2 jt 
n 


= 0.0384 


sec 


(Hg)2 

^P = — 


( 1 - 0 )' 


2(0 .03 76 ' ) ' "" ft-kips (eq 6.IO) 

e. First Trial-Work Done vs Energy Absorption Capacity. 

= T/T^ = 0.061/0.0324 = 1.88 
Cg = RyS = 87.5/53.8 = 1.63 (eqs 6.15, 6.16) 
t^T = 0.26 (fig. 5.29) 
t^ = (0.26)0,061 = 0.016 sec 

Idealized load -time curve is satisfactory (fig. 7.7l)(pa3^- 5-13) 

= 0.091 (fig. 5.27) 

C^Wp = 0.091(13.3) = 1.21 ft-kips (eq 6.I7) 


m 
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[o.0476 - 0 . 5 ( 0 . 0216 )] 


e' 

= 1.96 ft-kips (eq 6 .I 8 ) 

E '» W, therefore the selected proportions are satisfactory as a 
liminary design. 

f. Second Trial - Actual Properties. 

■'■E') 05(106 + 12 ) 

= ToTFiy^^ = kips(eq6d9) 


R = 
m 


(I2)0.688d^ 

L “ 


^ " 55775 


70.5, d = 11.2 in. 


Try h = 12-5 in., d = 11.0 in., p = O.OI 5 
Mp = 0 . 688 d^ = 0 . 688 ( 11 )^ = 83.3 kip-ft 


B 


m L 

bh3 

•g 12 


12 ( 83 . 3 ) 


I„ = = (12.5)^ = 1950 in.^ 


= 0 . 905 d^ = 0 . 905 ( 11 . 0 )^ = 1210 in.^ (k = 0.42) 
\ = 0 - 5 (lg + = 0 . 5(1950 + 1210 ) = 1580 in.'^- 

ito , MQhLi°)4.580 . 

^ (i4.75)3i44 


R 


68 


= li?0 = ft 

= -3 KIPS 

Mass m = -^|i| = 0.0715 kip-sec^/ft 
ki = ^ kp, = 1.155(1640) = 1890 kips/ft 


ep 


= J( %o) ^ = 0.48(l640) = 788 kips/ft 

8 ( 83 . 3 ) 


^hn L 


y - — 


■55775" 


= 45.0 kips 


45 

15^ 


= 0.0238 ft 
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7 - 48 g 




ep 


= 


R - 

m 


Im 


= 0.0238 + 


ep 


68 - 1+5.0 

— m — 


= 0.053 ft 


g. Second Trial - Equivalent System Properties. 

R = KtR = 0.61(68) = 41.5 kips (eq. 6.12) 
me L m 

Hg = KjE = 0 . 61 ( 1 . 64 ) = 1.0 kip-sec (eq. 6.8) 

Die = = 0.47(0.0715) = 0.0336 kip-sec^/ft (eq 6.2) 

“p = - "‘‘■5 “-“f" 


h. Work Done vs Energy Absorption Capacity. 

Cj = = 0.061/0.0366 = 1.67 

C„ = R /B = 68/53*8 = 1*26 (eqs 6 . 15 , 6.16) 

K m 

tjl = 0.34 (fig. 5.29) 


= (0.34)0.061 = 0.0207 sec 

Idealized load-time curve is satisfactory (fig. 7 * 71 ) 

= 0.118 (fig. 5.27) 

= C^Wp = 0.118(14.9) = 1.76 ft-kips (eq 6.I7) 


E = - 0 . 5 yg) = 41.5 [0.053 - 0.5(0.0238)] = 1.71 ft-kips (eq 6.18) 

therefore the selected proportions are not satisfactory as a pre- 
liminary design. 

i. Preliminary Design for Bond Stress. 

At bottom of -wall (at fixed end of idealized slab) 

This section has smaller d than at midspan therefore p > 0 . 015 * 

From equation 4 .l 6 for d = 10 in. and Mp = 83.3 kip~ft, required p^^^O.OlS^. 


Outside Face 


Jill 


/ 1 

10" 

V 



] 

1 j 


Outside Face No. 8 



7, 

if' 

JI.25 

12.5 

1 — 

-U 

fcw J 




Section of Base 


Section at Midheight 


. 1 . 25 ^ 
Cover 


Estimated V = l /2 R 
max ' m 

= 1/2 ( 68 ) = 34 kips 

Allowable u = 0 . 15 f^ 

= 0.15(3000) 

= 450 psi (par. 4 - 09 ) 
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Jo _ JL = = 8.65 in. 

20 - ujd 1+50(7 AO 


Iry #8 at in., = 2.23 in. /ft, >:o = 8.9 in./ft 

S 2.23 _ n 

p-M'iirw - 

. to p of -wall (at pinned end of idealized slab ) 

Estimated = l/3 = l/S (68) = 23 kips 


m 


o, 8(23,000). _ 5 2 in 
2° = 11.50(7)11.25 ~ 

Bond stress is not critical 

Try #8 at 4-1/4 In., = 2.23 in.^, Eo = 8.9 in. 

j. Determination of Meiximioin Deflection and Dynamic Reactions by 


nerical Integration 
2 


(^- 4 ?) -• 


“b. = 

= 9^.5 kip-ft (eq. 4.l6) 

= 0.0186(52)1(10)^ |l - 

I = •bh2/l2 = (12.5)^ = 1950 in.^ 


oi 65(52 )(i)(ii. 25)^ 1 - 


=82.6 kip-ft 


3 + np(l - kf ] . 12(11.25)3 [ 21 ^ + 0 . 1 W (1 - 0.k2f_ 


h ■ ‘■i' 


= 1290 in.^ 

= °-5(l + A) = 0.5(1950 + 1290) = 1620 in. 

a g n 

I&.SS m = = 0.0715 kip-sec^/ft 

Stic range: 

P _^S 8(82.6) Q 

L - kips 

k, = = (485)3(10)^1620 _ ijj[ps/ft 

(i4.75)8i44 
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T-48g 


Y - Y = y + 
‘^ep *^6 


m 


Ijn 


ep 


A aaaq . 68 - 45.0 

0.0238 + = 0.053 ft 


g. Second Trial - Equivalent System Properties. 

R = K^R = 0.61(68) = 41.5 kips (eq. 6.12) 
me L m 

Eg = Kj^H = 0.61(1. 64) = 1.0 kip-sec (eq. 6.8) 

“e = V = 0.47(0.0715) = 0.0336 kip-sec^/ft (eqi 6.2) 


T = 2Jt 


n 


= 


0.0366 


sec 


(1.0) " 

2m " 2(0. ■ 


033^ 


= 14.9 ft-kips (eq 6.IO) 


h. Work Done vs Energy Absorption Capacity. 

= 0.061/0.0366 = 1.67 

Or = RyB = 68/53.8 = 1.26 (eqs 6.15, 6.I6) 
tjT = 0.34 (fig. 5.29) 


= (0.34)0.061 = 0.0207 sec 

Idealized load-time curve is satisfactory (fig. 7.71) 

= 0.118 (fig. 5.27) 

= C^Wr = 0.118(14.9) = 1.76 ft-kips (eq 6.I7) 


E = Rj^g(yj„ - 0.5yg) = 4i.5 [0.053 - 0.5(0.0238)] = 1.71 ft-kips (eq 6.18) 

E therefore the selected proportions are not satisfactory as a pre- 
liminary design. 

i. Preliminary Design for Bond Stress. 

At bottom of vail (at fixed end of idealized slab) 

This section has smaller d than at midspan therefore p > O.OI5. 

From equation 4.l6 for d = 10 in. and Mp = 83*3 kip~ft, required p^sO.OlS^i-. 


2.5" 


1 


Outside Face 
2"Cover I No. 8) 

- v/x i 


Outside Face No. 8 



I . ■ V 

—1 

JI .25 

12.5 


bi-jJ 

1 

kL 


Section at Base Section ot Midheight 


o 


.. '- 25 ^ 

Cover 


Estimated V = l /2 R 
max ' m 

= 1/2 (68) = 34 kips 

Allowable u = 0 . 15 f^ 

= 0.15(3000) 

= 450 psi (par. 4 - 09 ) 
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, X - = 8.65 in. 

^° = 113d ■ 450(7 ;io ^ 


*I^y ais ^ in. ^ — 2.23 in. — 8.9 in./ii 

s 2.23 ___ p r\iP<^^ 

I'm'STioJ’ 

; tnn of wall (at pinned end of idealized slab ) 

Estimated = 1/3 = I/3 (68) = 23 kips 


max 

= 4o( ' ?'ja -^ ° 


in. 


Bond stress is not critical 

Try #8 at 4 - 1/4 in., A = 2.23 in.^, 2 o = 8.9 in. 

s 

p4“Triin27 = °-°"«5 

j. Determination of Maximum Deflection and Dynamic Reactions by 


lerical Integration. 

“to = f ■ 4^) ■■ 0-0l65(52)(l)(U-25f [1 - 

= 9^.5 kip-ft (ecl 4.16) 


01 65)52 

■§Y‘ 


Mp^ = 0.0186(52)1(10)^ 1 - ° 1^7(3 = 32.6 kip-ft 
I = th3/l2 = (12.5)3 = 1950 in.^ 

o 

^ + np(l - k)^j = 12(11.25)^ + 0 .l 48 (l - 0 . 42 )^j 

4 

4 


It = td- 


K. 
L 3 


= 1290 in. 


\ ^t^ " 0.5(1950 + 1290) = 1620 in 

-- 

Mass m = = 0.0715 kip-sec^/ft 


Stic 


range: 


p _ 8(82.6) o 

Im L i4 . 75 “ ^^-8 kips 

k . aSEI . (i£5)3(10)3i 620 , klps/ft 
l 3 (i 4 . 75 ) 3 i 44 
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Ijh ^^*8 ^ ft" 

= -k" " W • ^ 


7-48.1 


Elasto-plastic range: 


4[82.6. + 2 (94.5)] 

= r— = — -, I, r,,- = IP* 


ifTTT 


in li 

plf 


73-5 kips 


y = y + 

'^ep ‘^e 


R - R, 

m Im 

k 

ep 


0.023 


73.5 - 44.8 o 

BoS °*°58 ft 



, Effective Resistance 
Rm= 73.5 

.Rlmi44^ 

k, = I940klps/ft 
kg = I 7IOkips/ft 
c kep= 806 kips/ft 
// ' ' ye= 0.023 ft 

yg* 0.043ft 
||s Vep- 0-058 ft 

ye yE yep 

Deflection, y (ft) 

Figure 7,75, Resistance fane- 
tion for 12-1 /2^in, slab span 
fling 14. 75 ft, fixed at one 
support, pinned at 
other support 

- 1 5*3) where 

2 - R 


By providing equal areas under the "effec- 
tive resistance" line and the computed elasto- 
plastic resistance line, = 0.043 ft (fig. 7.75) 


R 


E 


T = 2jt 
n 


^ = 6.08^ 0--78(0.0^ 


M "e 


1710 


= 0.0358 sec 


Ttie basic equation for the numerical in- 
tegration in table 7*^8 i ~ + 


(P^ - R^) (0.003) 


- ' \no:oniy- = 1 - 62 ( 10 )'Np„ - \) ■■“6" 


(P^ - R„)(0.003) 


• - °d r ^ 0 ^ 157 '- =l-«2(l0)-\p„ - R„) ft, elasto-plastic 


y„(At) = 


(P^ - R„) (0.003)2 


range 




'n 


”0.66(0.0715) ° l-907(l0)-yp„ - R^) ft, plastic range 


The time interval At = O.OO3 sec is less than = 0.00358 sec (par. 5-08). 

The dynamic reaction equations are listed in paragraph 7”^8b. The values 
for the second column are obtained from figure 7*71^ multiplying by 
lkh{lk. 73 )/lOOO = 2.12. 
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1-kSk 


Table 7 . 28 . Determination of Maximum Deflection and Dynamic Reactions 

for Front Wall Slab 


t 


* "“n 

R 

n 

P -R 
n n 

^^(At)^ 

^n 

\n 

^2n 

(sec) 

(tips) 

(kips) 

(kips) 

(ft) 

(ft) 

(kips) 

(kips) 

0 

0.003 

0.006 

0.009 

0.012 

0.015 

0.010 

0.021 

0.024 

53.8 

51.2 

48.5 

45.9 

43.2 

40.6 
38.0 

35.3 
31.8 

0 

8.5 

30.3 

50.4 
61.2 
69.7 

73.5 
73.5 
59.4 

26.9 

42.7 

18.2 

-4.5 

-18.0 

-29.1 

-35.5 

-38.2 

0.00436 

0.00692 

0.00295 

-0.00073 

-0.00292 

-0.00471 

-0.00677 

-0.00728 

0 

0.00436 

0.01564 

0.02987 

0.04337 

0.05395 

0.05982* 

0.05892 

0.05074 

6.5 

8.3 

13.7 

24.7 

28.7 

31.7 

1 32.5 

32.1 

19.2 

10.2 

13.4 
22.3 

24.7 

28.7 

31.7 

32.5 
32.1 

31.5 



In table 7*28 the maxinuim congjuted deflection Is (y ) = O.O6O ft. 

^ '•'n nax 

Is Is sli^tly more than the specified meoci im im displacement, y = 0.054 

ep 

. Uhls Is an acceptable difference for blast resistant design. 

Shear Stress and Bond Strength. 

’ bottom of wall (fixed end of idealized beam) 

^max (table 7.28) 

For no sheau: reinforcement 

V = o.o 4 f ' + 5000p = 0.04(3000) + 5000(0.0186) = 120 + 93 
= 213 p0i (eq 4 . 24 ) 

’'=^ = fW-310psi 

Shear reinforcement required for 310 - 213 = 97 psi 

Contribution of shear reinforcement to allowable shear stress = rf^. 

"" “ 5o^ = 0.00242 
1 #4, A = 0.20 in.^ 

D 

A 

^ ^ = 0.00242; .*. s = 9.75 in., use s = 9 in* 
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For top of 'wall (pipned end of Idealized Tjeajn) 

V = 32.5 kips (table 7*28) 
in8«x 

V = 0 . 04 f ^ + 5000P = 0 . 04 ( 3000 ) + 5000 ( 0 . 0148 ) = 120 + 74 = 194 psi 

8V 8(32,500) ■ _ 275 psi 

^ = Tbd = 7(i2y(ii:^ ■ ^ 


Constf. Jt.- 



Corner Dowels 
No. 8 at 9" 


3-4?" 


-5No.3Stir. ot 7^1 
At S^AIong Wall 
Alternating with 
^^4 No. 3 Stir, at 7^ 

At 9“Along Wall 
Staggered as Shown 


No. 8 at 971 . 


4'-9‘' 


|^No.8ot4‘j 
No. 8 at 9 “ 


Shear reinforcement recjuired for 
275 - 19^ = 81 psi 
81 


r = 


40,000 


= 0.00202 


■Fry 1 #4, Ag = 0.20 ln.‘ 


r = 


0.20 


bs 


= 0 . 00202 ; 


14' -9“ 


I" 


-No.4at9^ 
"No. 4 Gt 18“ 


No. 3 Stir, at 9" 

At 9“along Wall 
Alternating with 
^"4 No. 3 Stir, at 9" 

At 9''along Wall 
Staggered os Shown 


8-1/2 s 

.*. s = 11.65 in., use s = 11 in. 


Bond 


u = 


8V 

7Sod 


= p- 


2 - 6 " 


-Constr. Jt. 

-N 0.8 at 9" J 

Note; Wall Steel to Hove Cover Inside 
2“ Cover Outside 
Foundotlon Steel Not Shown 
Slob Steel Not Shown 


Allowable u = 0.15f^ 

= 0.15(3000) 

= 450 psi > 412 psi; OK 
1. Summaxy. 

12- 1/2- in. slab 


Y-k^ DESIGN OF ROOF SIAB. The design procedure followed in designing this 
roof slab is similar to the design procedure for design of the wall slab in 
paragraph 7-48. Consideration is given to the static load stresses in this 
case because they reduce the maximum resistance of the slab. Since the 
procedmes of this manual are 
limited to single-span elements, 
the slab is designed by considering 
the behavior of a one-foot-wide 
element fixed at both ends and 
spanning I8 ft between the frame 
centerlines. The slab is permitted 
to deflect through the elasto-plastlc 
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, tut not into the plastic range (fig. 7-76, page 208). 

Ttocicn loading. Since the maximum deflection of this slab is 


a D esign loading. Since the maximum aeiieciion 01 nnis siao is 
liBited to the elasto -plastic region, this maximum deflection occurs in a 
,ery short time (table 1.29, page 208) . The rapid response means that the 
tsign load for all slab elements may be based on the incident overpress\are 
egardless of the direction of motion of the blast vave. Only on the first 
5V feet from the front edge, for the blast wave moving perpendicular to 
le long axis of the building, is the loading reduced by the vortex action 
‘fore the slab reaches its maximum deflection (par. 3-08d). 

The design load as idealized from the computed 

I B- 25.9 kips 

shown by figure 7*70 is defined by; _ K 


B = 10 psi = 


=25.9 kips 


T *0.38 sec 


T = 0.38 sec 

h. Dynamic ] 
Stic range: 

K. = 0.53, 


Time (sec) 


gn Factors* (Refer to table 6.1* ) 


. O.kl, 

, 38>HI 




V = 0.36 R + o.i 4 p 

n n 


ito-plastic range: 

Kj^ = 0.64, 

m L ^ 

V = O.39R + O.llP 
n n 

age values: 


= 0.50, 
„ 384 eI 


= 0.5(0.53 + 0.64) = 0.58 
Kjj = 0.5(0.41 + 0.50) = 0.455 
Kxm = 0.5(0.77 + 0.78) = 0.11 

. 


= 0.78 


^mf L 


(fictitious maximum resistance) 
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7-49c 


"elastic" effective spring constant 

c. First !Erlal - Actual Properties. 

Assume D.L.F. =2.0 (experience) 

= D.L.F.(b) = 2.0(25.9) = 51*8 kips (par. 6-II) 

Assvane p = O.OI5 

Mp = Pf^ybd^ (1 - (el h.iB) 

= 0 . 015 ( 52 )(l)d® fl - - O.S88d^ klp-ft (d in inches) 

22Mp (22)0.688 cl 2 e-, o • , ^ o,- . 

^mf "" T" iB " •• J = 7.85 in. 

Hry h = 9- 1/2 in., d = 8-l/4 in., p = O.OI5, np = O.15 

Mp = 0.688d^ = 0.688(8.25)^ =46.9 kip-ft 

„ 22(46.9) 

^mf = "IT = IT^ = 57.3 kips 

= bli3/l2 = (9.5)^ = 857 in.^ 

^ + np(l - k)^] = 12(d)3 1^- 

'= 0.905d3 = 0.905(8.25)3 = 508 in.^ 

I = 0.5(1 + I. ) = 0.5(857 + 508) = 682 in.^ 

a S T3 

_ ^ _ (ga)3(lob682 . ^ , 

Weight . 8.oj » 2.25 kips 

Mass m = = 0.07 kip-sec^ft 

d. First 5k*ial -Equivalent Properties. 

= 2«-y(K^/kg = 6 . 28-^ 0. 77 (0 . 07 ) /644 = 0.0576 sec 

e. First Brial - Available Resistance vs Required Resistance. 

= T/t^ = 0.38/0.0576 = 6.6 
D.L.P. = 1.92 (fig. 5.20) 
t^T = 0.08 (fig. 5.20) 


It = bd- 


21 


- o.te)^] 
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0 


t = 0.08(0.38) = 0.0304 sec 

BeQuired = D.L.F. (b) = 1.92(25*9) ~ 49*8 kips < 57*3 kips 
The required < available R^^, therefore the selected proportions 
ye satisfactory as a preliminary design. 

f. Preliminary Design for Bond Stress. 

At = 0.0304, P = = 23.8 kips (fig. 7.70) 

V= 0.39Rjjj + O.llP = 0.39(57.3) + 0.11(23.8) = 22.4 + 2.62 =25.02 kips 

Allowable u = 0.15f^ = 0.15(3000) = 450 psi (par. 4-09) 

V 8(25,020) o 

" ujd " 450(7) (8. 25) “ 

Try|6 at 3-1/2 in., A = 1-51 in.^, Zo = 8.1 in., h = 9.5 in., 

s 


d = 8.37, P = ^ = = 

np = 10(0.0151) = 0.151 


0.0151, 



g. Determination of Maximum Deflection and Dynamic Reactions by 
erical Integration. 


Mp = - 1^") = 0.0153(52)(1)(8.37)^ [1 

= 49.0 kip-ft (eq 4.l6) 

Ig = bh3/i2 = (9.5)3 ^ Q^rj ^j^_4 
2~2 

n p + 2np - np = 0.42 

\ = bd3 + np(l - k)^j = 0.905d3 = 0.905(8.37)^ 

= 0.5(857 + 530) = 693 in.^ 

Weight = ^ ^ 2.25 kips 


(0.0153)(52) 

1.7(3.9) 


530 in. 


4 


Mass m = = 0 . 0 ? kip-sec^ft 

tic range: 


12Mp 

®lm "" ~L weight 


lg(^9) 

IF 


2.25 


32.6 


2.25 = 30.3 kips 
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7-49g 


^ ^ 38 ^EI _ 384(3 )( 10 )%93 _ klps/ft 

^ (18)3(144) 




Elasto -plastic range: 

= _ weight = - 2.25 = 43.5 - 2, 


m 


L 

Rm= '»l .2 


25 = 4i. 2 kips 


I I ^im= 52:^ 

i/j'^E I k, = 950 kips/ft 
M I 1 kE= 760klps/ft 

f/i‘ I I kep= 1 90 kips/ft 

y, = 0.0319 ft 
j I VE* 0.054 ft 
I k yep^ 0.089 ft 


'I i 


Ve Ve Maximum Deflection 
Deflection, y (ft) 

Figure 7,76* Resistance 
function for 9^1/2»in, 
slab spanning 18 ft 


^ep = ^ ^ -90 up./n 

= 0.0319 + 0.057 = 0.089 ft 

k^ = 307EI ^ kips/ft 


R 

m 41.2 

“ kg ~ ~ 


= 2K.^K^^/kg = 6 . 28 ‘^ 0 . 77 ( 0 . 07 )/ 76 o = O .053 sec 

The basic equation for the numerical integration in table 7*29 is 
^n + 1 "" - 1 5-3) vhere 


Table 7,29, Determination of Maximum Deflection and Dynamic Reactions for Roof Slab 


t 

p 

n 


P -B. 
n n 



? 

n 

(sec) 

(kips) 


(kips) 

(ft) 

(ft) 

(kips) 

0 

25.9 

0 

12.9 

0.0060 

0 

3.6 

O.OOS 

25.6 

5.7 

19.9 

0.0092 

0.0060 

5.6 

0.010 

25.2 

20.1 

5.1 

0.0024 

0.0212 

10.8 

0.015 

24.9 

31.6 

-6.7 

-0.0031 

0.0388 

15.1 

0.020 

24.5 

34.4 

-9.9 

-O.OC45 

0.0533 

16.1 

0.025 

24.2 

36.3 

-12.1 

-0.0055 

0.0633 

16.8 

0.030 

23-9 

37.1 

-13.2 

-0.0060 

0.0678 

17.1 

0.035 

23-5 

35.7 

-12.2 

-0.0057 

0.0663 

16.1 

O.OiiO 

23.2 

28.8 



0.0591 

13.6 

0.0U5 

22.3 





n.4 

0.050 i 

22.5 1 





11.2 
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(fn - 

(p - H )(0.005)® 

^ n n 

0.77(0.07') 


(P - R )(0. 005)2 
' n n 

0.78(0.07) 


4.630(io"^^)(p^ 

4. 576(10"^ )(P^ 


Rjj) ft, elastic ratige 

R ) ft, elasto -plastic 
range 


ae time interval At = 0.005 sec is approximately T^IO = 0.0053 
ir, 5-08). Tte dynamic reaction equations axe listed in paragraph 7-^9b. 
>p values for the second column are obtained from fig-ure 7.70, multi- 
dujty l44(l8)/lOOO = 2.59. 


The maximum deflection 


computed in table 7*29 is O.O678 ft 
.ch is less than the allowable of 0.0{^9 ft. 
h. Shear Strength and Bond Stress. 


17.0 kips (table 7.29) 


max 

For no shear reinforcement 

Allowable v = 0.04f^ + 5000p (cq 4'. 24) 

V = 0.04(3000) + 5000(0.0151) 120 + 7*J = -196 psi 

No shear reinforcement required 

8V 8(17,000) 


u = 


72od 


8( 17,0c 

= 7Ttm 


37 


= 287 psi 


Allowable u = 0.15f^ = 0.15(3000) 


450 psi; OK 


i. Summary. 

9-l/2-in. slab 

p = 0.0151 

So = 8.1 in. 

No shear reinforcement required 

3 IKEIIMIMRY DESIGN OF COIUMN. A single-story frame subject to lateral 
1 behaves essentially as a single-degree-of -freedom system. In 
the requirement for the columns which are the springs of the y 
lot necessary to use the equivalent system technique other 
> manual for designing structural elements. 
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Combining the principles 
of paragraph 6-11 and the equa- 
tions from paragraph 7-06 re- 
sults in a procediire for pre- 
liminary design. In this pre- 
liminary design the girders are 

assumed to he infinitely rigid to sin^ilify the analysis. 

The column height from the girder centerline to the top of the foot- 
ing is 13.75 ft. This dimension is used to determine the spring constant. 
The maximum resistance computation is based on the clear column height, 

11.83 ft. 

a, . Design Loading. In the preliminary design it is an unnecessary 
refinement to use the dynamic reactions from the vail slabs. The design 
load is idealized from the net lateral overpressure curve. The height of 
yaii considered to load the frame is equal to half the clear hexght of the 
vail plus the thickness of the roof slab 

j^i = + 0.79 = 8.16 ft 

The design load as idealized from the computed 
loading shovn by figure 7*73 is defined by: 

B = 25.3 psl - - 537 kips 

T = 0.061 sec 

b. Mass Computation. 

Roof slab [2^ i «-o] ^ - 122 kips 
Girder (assumed) . 30 kips 



ii- coliomns (ass-umed) 




2 slabs ^•5(k^(T^5qCl8 j2 , 33.0 tips 

Mass of single-degree-of -freedom system = total roof slab + total 

1' 1 122 + 30 + 0.33(26.6 83.0) 

girder + colimins + vails = 32.2 

= 5.85 kip-sec^/ft 
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c Fi rst 'Erial - Actual Pro pert ier,. 

Assume D.L.F. = 1-2 (exi+erlcnce ) 

R =D.L.F.(b) = 1.2(537) = kif« ({Mir. 

Reiluired Mp = Rj^h/^n = 645(.'l 1-83 )/2(4 ) .. 955 kip-ft 
Estimated average roof pressure ~ G.4 pni (fig- 7-7^) 

54(1«)6.4(iU4) ,, 

Average tlast load per coi\xmn = — 1005 ’^ ~ 

Dead load per column = ^ (122 + 3^) 38 kips 

Average column design load, = - 224 + 38 = 262 kips 

«D • W " (°-» - T^j 

Let p = p' = 0.015, d' = (t - 7-5) in., d" = 3*75 in., b = I8, 

A = pbt 
s 

Substituting into prcviour, t.'qxiatlon and solving for t gives 

[ p6-2 1 

o. 5 t - 1 . 7(1573:9 ] 

l4.0t^ + 25. Ot - 12,037 - 0 , solving t = 28.4 in. 

Try section I8 in. by 28 in., d - 28 - 3-75 = 24.25 in. 

Assume d"/d = 3.75/24.25 0.155, 

m = np + (n - l)p' = O.15 + 9(0.015) = O.285 

1= np + (n - l)p' d"/d - 0.15 + 9(0.015)0.155 = 0.171 

k = 0.37 (table 11 RCDH of ACl) 

= IT " ~ li^ ' ^ ~ " = 32,900 In.^^ 

Il =bd3 + (n - i)p' {k'^’ - 2k(d’7d) + (d’7<i)^} + 

= 18(24.25)3 [[(0. 37 )^/3]+ 9(0.015) 1(0.37)^ - 2(0.37)(0.155) + 
(0.155)^1- + 0.15(1 - 0.37)^]= 258,000 [0.0169 + 0.135(0^^137 - 
0.115 + 0.024) + 0.0595^ = 258,000(0.0826) = 21,300 in. 

I = 0-5(l„ + 1+) = 0.5(32,900 + 21,300) = 27,100 in. 

<i. First Trial - Determination of D.L.F. 

k = = 12(3)103(27,100)^ ^ 10,450 kips/ft (eq 7-10) 

(I3.75)3l44 

= 645/30,450 = 0.062 ft 
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= 6.28^5-85/10,450 = 0.148 sec 
t/t^ = 0. 061/0. i48 = o.4i 
D.L.F. = 1.06, t^T = 0.94 (fig. 5.20) 

= 0.94(0.061) = 0.0575 sec 

The original idealized load-time curve should be revised to obtain a 
closer approximation to the total impulse up to time t^. The impulse up to 
t = 0.060 sec in figure 7-73 is 

H = 0.898 psi-sec (obtained by graphical integration) 

T = 2H/B = 2(0.898 )/25. 3 = 0.071 sec 

T/I^ = 0. 071/0. l48 =0.48 

D,L.F. = 1.15, t^T = 0.85 (fig. 5.20) 

The revised idealized load is satisfactory because t^^^ = 0.85(0.071) 

= 0.060 sec 


Required moment is less than available moment. Let us investigate 
possible reduction in size. 

e. Second ITrial - Actml Properties. 


= Vdy^’ ^ - 


3 — \ 


(eq. 4.32) 


(915)12 = 0.015(18 )t(52)(t - 7.5) + 262 0.5t - 


l4.0t + 25. Ot - 11,547 = 0, solving t = 27.8 in. 



The first trial proportions are satis- 
factory. An actual column section is se- 
lected to establish the column plastic bend- 
ing moment for use in the girder design that 
folio vs in paragraph 7 - 51 * 

d" = 3.687, d = 24.32, d* = 20.63 

8 #9, A = A' = 8.0 in.^ 
s s 

p = p' = 8.0/18(28) = 0.0159 
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= 8.0(52)(20.63) + 262 [11. - rT^HTg] (e2 1..32) 
= 8600 + 3070 = 11,670 kip- in. = 970 kip-ft 


ame previously computed value of I will be satisfactory for the 
ccapitation in paragraph 7-51. 

7-51 DESIGN OF ROOF GIRDER. The design of the girder in this example is 
psriormed in the same manner as the girder in paragraph 7—^3 since both 
girders are designed for elastic action. Reference should be made to para- 
graph 7-11 for a detailed discussion of the design of roof girders. 

The front girder span is 
critical. Rrevlous considera- ciC> 
tlon of the variation of local 
roof overpressure with location 
along the span from front to 
|back of the building has shown 
Ithat for the front girder the 
incident overpressure may be used as the local roof overpressure because 
the maximum response of the girder generally occurs before the vortex ac- 
tion has an opportunity to cause the local roof loading to vary strongly 
from the incident overpressijre. This can be seen from a comparison of the 
times for maximum displacement of the girders in tables 7.21, and 7*26 

with the local overpressure data in paragraph 7-23* 

A fixed-pinned tee beam is considered. Reference is made to para- 
graph 6-20 and table 6.4 for design constants. 

a. Load Determination. The girder loadiiog is obtained in figure 
7.77 from the numerical integration for the roof slab (par. 7“^9J^ table 

7.29). 

After t = 0.045 sec the load on the girder from the slab is assumed 
to be equal to one-half the load on the slab. The time required for the 
shock front to traverse the girder is considered in establishing the load- 
time curve by plotting the dynamic slab reactions at the ends of the girder 
and averaging over the span. The time required for the shock wave to travel 
the length of the girder is 


1 

J|L J, 

16' 

l—js—if' 




L-CTT 


L.... 


L*I6.0 


16 

^lag “ 17703 


= 0.0114 sec 
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Figure 7 . 77 . Local and average slab dynamic reactions for incident overpressure, 

blast wave parallel to girder 
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The idealized load-time curve Imposed on the roof girder by a slab on 
one side is indicated by the dashed line in 
fig. 7.77* The design load on the girder is d( 
fined by 

B = 2(16.0) = 32.0 kips/ft 


T = 0.025 sec 
r 



Time (sec) 


b. Elastic Range Dynamic Design Factors. (Refer to table 6 . 4 . ) 

Kj. = 0.58, .. 0.45, 

k = (fig. 6.29) 


~ 0*78 


pos 


fgM^ (fig. 6.20), --- RjL/f (fig. 6.27) 


= O.26R + 0. 12P 
Vg = 0.43R + 0. 19P 

c. Mass Computation. 

Slab and roofing = + (",_() 

Girder (estimate) 


060(3) 


= 4o.5 kips 


Total mas! 


10 0 kip-^ 

T2( 12)1000 ^ 

40.5 ♦ 10.2, , , , 2 /,., 

27777; ■■ kIp-.-,cc /It 


Loads 


d. First Trial - Actual Propertic.T., 

Estimate tee licam action for first trial, f^ = 9 ^ ^2 ~ ^3 “ 

Assume D.L.F.(b) r. 1,05 (cxper Lencc ) 

= D.L.F.(B) =: 1,05(32.0)16 = 540 kips 

Moment in girder at interior support (fixed support) due to static 


M = ® . i io.5 ^ 

Ifoment in girder at midspan due to static loads 

^ = 58 klp-ft 
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Support moment from column 

^ Mp = (970) = 6 k 6 klp-ft (par. 7-11 and 7-50) 

Midspan moment from column = 0 

Support moment required for vertical Hast loads 

M = - 960 klp-ft 

Midspan moment due to vertical blast loads 

M = foM = 0.67(960) = 640 kip-ft 
pos 2 n 

Total support moment = 9^0 + 6 h 6 + 103 = 17^9 kip-ft 
Ototal midspan moment = 6 k 0 + 0 + 58 = 698 kip-ft 

Ratio of midspan tension reinforcing to interior support reinforcing 
steel = 698/1709 = 0.4l 

M, = Pf^M^ (" - 1^) ' °-“ 5 ( 52 )bd 2 [1 - 

M = 0.688bd^ = 1709(12) = 20,500 kip- in. 

!P 

Try b = 20 in. 

d = ^20, 500/13.76 = 38.6 in. 

Ery d = 38. 5^ b = 42 in. 

Rectangular section at the support 

o li 

I. = 20(42 )Vl2 = 123,500 in. 

np = 10(12)/20(38.5) = 0.156 
np' = 10(6)/20(38.5) = 0.078 
m = np + (n - l)p' = O.I56 (O.O78) = 0.226 

q = np + (n - l)p' ^ = O.I56 +^ (0.078) = O.I6O 

k = 0.39 (table 11, RCTDH of ACl) 
kd = 0.39(38.5) = 15.0 in. 

+ 12(10)(23.5)^ + 9(6)(12.75)^ 

= 22,500 + 66,400 + 8,800 = 97,700 in.^ 

Il " = 110,600 in.^ 
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^ ^cpntlon at midspan 

Tension reinforc‘e:::c!it at i-l-L'inn 
2 


- 96 ( 9 . 3 )" + 
^2 


' ! f 


J _ 96i2i5£ ^ nteilL :V .{1,.. )'' ;.Y,>.or: 

g 3 5 

= 231,400 in.^* 
np = 10(5 )/39- 13 ( 1^0 
np' = 10(3)/39- !3(S^'0 f.' O't- 

ni = np + (n - !)i>' ’< i * ('•' '* ) ‘ -''i' 

q = np + (n - Oi'' -- 1 f (‘ -■ ’* ) -~“ 

k = o.i45 (tub If ! ft /vi ) 

kd = 0.lU5(39.’f’'-) t.-:'. U:. 

3 




. ..b)' . M.(0(v,u 

4 


= 6150 + itH;-; f i T'l/iff !i;. 

I 2 = 0 . 5 ( 1 ^, 4 . I, ) . ir:.'' 

I^/lg = iio/boi ,/ If 

= 9.0 (t'U:',. f .;'V) 

fg = 0.6B (fij/. ) 

fj = 246 (l’if% *'.‘.**0 

e. Firrrt Trial - na^ !• 'r <*!* I), l-.K. 


r.EI., 


ki = 


; .;; ,, , h r) i, i , . 

uu 


\ = f.l’ V' -4 ■(-5'0/i;Vf<'l«5 - 0 

V'^n " 0-0--3/0.0! >,9 !.-];'5 

D.L.F. = 1.2 (rig, 9 , 2 i) 

\/'^r "" (fie- 5-?!); OK (ofc fig. Y-Y?) 
Required R = 1 . 2 ( 32 . 0 )( 1 . 6 ) 615 kipn 


IM 1110-345-417 
15 Jan 58 

• 'f u:u‘ 6 i-arr 

—T ■■■ 4 .U in. 

' ; , 

4 ;* 2ti,ooo - 25,000 

. ,< 

~ CO 0137 
( > 

:; - 'j/{hf 


r./ft 

. 0,169 ‘'‘f-'' 


217 


EM 1110-3ij-5-^17 
15 Jan 58 


7-51f 


At the interior support section 


Mp = 


0.0156(52)20(38. 

b! 

0.0156(52)' 

12 

_ “ 1.7(3.9) J 


= 1760 kip-ft 


The moment available at the support to resist the effects of vertical 
blast loads is 

M = 1760 - 6 h 6 - 103 = 1011 kip-ft 
The available resistance is then 

= f^M/L = 9.0(1011 )/i 6 = 589*0 kips 
This girder is inadequate, 589 <815 

Increase reinforcing at support to 13 bajrs and continue with same 
girder. The moments of inertia will not change appreciably (par. 7-l)-3). 
f . Rreliminary Design for Bond Stress. 

Estimated V = 0.62E = 0.62(615) = 38I kips 

msLX m 

Allowable u = 0.15f^ = 0.15(3000) = ^50 psi (par. 4-09) 


^ ^ " 450 ^( 3 ^) ■ 

f 

A = 13 #9 bars in two rows, A = 13 in.‘ 
s s 


Zo = 46.0 in.. 


=bd 


13 

20(38.5) 


0.0169 


g. Determination of Maxim-um Deflection and Dynamic Reactions by 
Niimerical Integration^ Since the trial size is to be used for the numerical 
integration with only minor modification, reference is made to the previous 
computations for pertinent data. 


Revised _ 20(32.5)l6(l50) _ nn 8 kins ^same as estimated 
girder weight " 12(12)1000 " estimate) 

Total mass = 1-59 kip-sec^/ft 



R|rnl£50 

ki 5 138.000 kips /ft 
ye= 0.0047 ft 


Moximum Deflection 


y* ^ep 

Deflection, y (ft) 

figure 7.78. Resistance 
function for girder 
spanning 16 ft 


M = 1760 
f.M 


12 


- 646 - 103 = 1156 kip-ft 


m 


, ^ ^ 9:0^ , gjo Mps 


k^ = 138,000 kips/ft 

R 

y, 
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Table 7.30. Determination of Maximum Deflection and Dynamic Reactions for Girder 


t 

P 

n 

R 

n 

P -R 
n n 


^n 

^ 2 n 

^in 

(sec). 

(kips) 

(kips) 

(kips) 

(ft) 

(ft) 

(kips) 

(kips) 

0 

0 

0 

3 

0.000010 

0 



0.002 

19 

1 

18 

0.000098 

0.000010 



o.ooU 

91 

n 

4o 

0.000129 

0.000078 



0.006 

90 

38 

92 

0.000167 

0.000279 



0.008 

141 

88 

93 

O.OOQ171 

0.000639 



0.010 

202 

162 

40 

0.000129 

0.001174 



0.012 

262 

294 

8 

0.000026 

0.001838 



0.014 

301 

349 

^8 

-0.000199 

0.002926 



0.016 

333 

423 

-90 

-0.000290 

0.003063 



0.018 

369 

496 

-91 

-0.000293 

0.003308 



0.020 

403 

490 

-47 

-0.000191 

0.003260 



0.022 

494 

422 

32 

0.000103 

0.003061 



D.024 

486 

409 

77 

0.000248 

0.002969 



0.026 

906 

430 

76 

0.000249 

0.003117 



0.028 

918 

489 

33 

0.000106 

0.003914 



0.030 

929 

994 

-29 

-0.000093 

0.004017 



0.032 

928 

611 

-83 

-0.000267 

0.004427 



0.034 

529 

631 

-106 

-0.000341 

0.004970 

371 

227 

0.036 

918 

603 

-89 

-0.000274 

0.004372 



0.038 

906 




0.003900 




The basic equation for the numerical integration in table 7*30 is 

^n + 1 = - ^n - 1 ^.3) 

„ (P - R )(At)2 (P - R )(0.002)^ (: 

° 0.78(1.59)- = 3.22(io-«)(p„ - H,) « 


In table 7 . 3 O the time int^rv-al At = 0.002 sec is approximately 
T^/lO = 0.00189 sec (par. 5-08) . The dynamic reaction equations are listed 
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in paragraph 7-511. The values for the second column are obtained from 
figure 7.77 multiplying by 2(l6) = 32 to account for the l6-ft-span length 
of the girder and the two slabs loading the girder. Ihe value 

= 0.0044 f t « y • llhe design is satisfactory for this consideration. 

li. Shear and Bond Strength. For interior support end of girder 
(fixed end of idealized girder ) 

V = 371 kips (table 7*30) 
max 

For no shear reinforcement allowable = 0.04f^ + 5000p (eq. 4.24) 

V = 0.04(3000) + 5000(0.0156) = 120 + 78 = 198 psi 

/. M. = 8(37UgW,) , 550 psl 

^ " Tbd 7(20)38.55 

S b^a v reinforcement required for 550 - I98 = 352 psi 

Contribution of shear reinforcement to allovable shear stress = rf 

y 


Try 4 
A 

r = 


s 

bs 


bars, A = 0.80 in. 
^ s 

0.80 


20 s 


= 0.0088; s = 4.55 in., try s = 4 i 


in. 


iFor exterior support end of girder (pinned end of idealized girder) 

V = 227 kips (table 7 -30) 
max 

Vy = 0.04(3000) + 5000(0.00133) = 120 + 6.6 = 127 psi 


V = 


8 v 


Tbd 


8i.217^0l - 326 psi 

7(20)39.75 ~ 

Shear reinforcement required for 3^ 
Try 4 #4 bars, A = 0.80 in.^ 


127 = 199 psi 


r = 


1 . - — - 0 00498 • 

~ bs ~ 2^ ■ ^*^0490, 


s = 8.0 in. try s = 8 in. 


u = 


8v 8(371,000) _ . 

72]od “ 7(46.0)38.55 “ 


Allowable u = 0.15f^ = 0.15(3000) = 450 psi; OK 
i. Summary. 

20-in. by 42- in. tee beam 

Maximum tension reinforcement = I3 ifS bars 

P = 0.0156 
2o = 46 in. 
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Effective Section otA-A 



Effective Section ot B-B 


I 


Shear reinforcement at interior end of girder, 4 #4 at 4 in. 

Shear reinforcement at exterior end of girder, 4 #4 at 8 in. 

7-52 FIML DESICar OF COIIMN. This column design for elastic behavior was 
begun in paragraph 7-50. The calculations which follow illustrate the 
steps which are needed to determine the adequacy of the preliminary design. 
The primary computation is a nmerical integration in which is determined 
the time variation of the lateral displacement of the top of the columns. 

In the preliminary design idealized loads and resistances are used 
in order to simplify the computations. In the final design, however, these 
idealizations are no longer used. This results in consideration of the 
following factors which have been neglected: (l) the variation of plastic 
hinge moment with direct stress, (2) the variation of column resistance 
with lateral deflection, (3) the effect of girder flexibility on the stiff- 
ness of the frame, and ( 4 ) the difference between the two design loads; one 
determined from the product of the front face overpressure and the wall 
area and the other determined from the wall slab dynamic reactions. 


a. Mass Computation. 

Roof slab = 122 kips (par. 7-50h) 

Girder etam = ^°(35.5 _ 


12 ( 12)1000 


=37.3 kips 


cows . = C4.6 .IPS 

Walls = 83.0 kips (par. 7-50h) 
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Mass of single-degree-of-freedom system = total roof slab + 
total girder + ^ (columns + walls) = •*• 

= 6.05 kip-sec^/ft 


b. Column Properties. (See par. 7-50e. ) 
b = 18 in., t = 28 in., d = 2ll-.32 in., d' 

d" = 3.687 in., K = K = P = P' 

S *3 


% ■ W * •'d 


(eq k.32) 


(°-5‘ - 


Mp = 716 + 1*18 Pjj - 0.0007?^“" 


20.63 in. 

8 

18(24.32) ~ °-Ol83 


c. Effect of Girder Flexibility. Consideration of the relative 
flexibility of the girders and columns generally results in a value of the 
frame elastic spring constant k vhich is less than the value obtained for 
the assim:5)tion of infinitely stiff girders (par. 7-08) in the preliminary 
design. To obtain this revised value a simple sidesway analysis of the 
frame is made. From the sidesvay analysis, k is the magnitude of the 
lateral load required to cause unit displacement. 


545 kips 


folisH l0.455hH0.455K 1 0.455 hH 0.455 h~ 

hlOZOO ^ = \0200 ^1 = 


0.164 


-856 


-928 

-mmrr 


0.090 1 


•953 


^=2000 


-976 
TJTJlTl'n 


3 at 16' = 48' - O" 


= 10200 


" fo.836 


0.090 


-953 


f=2000 


-976 
TTlfTflTf 


1 


[01641 


-856 


f -=2000 


-928 

TTTmTT 


Figure 7.79. Sidesway analysis by moment distribution 

The elastic sidesway analysis (the results of vhich are shown in 
figure 7*79) is performed for initial column moments of 1000 kip-ft at top 
and bottom of each column. This is equivalent to a lateral displacement of 
the top of the column. 
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= 10,000 kips/ft 


<i* Loading. The F^ column of the numerical integration analysis 
(table 7.31) is obtained from figure 7.8O. The first part of figure 7.80 

Table 7.31. Determination of Column Adequacy 


1 

p 

n 

(kips) 

(P ) 
av n 

(kips) 

(Vn 

(kip- ft) 

(R )_ 
m n 

(kips) 

0 


iiO 

761 

517 

0.01 

^^9 

117 

81*3 

573 

0.02 

775 

19 U 

915 

622 

^.03 

1083 

271 

979 

666 

o.oli 

1358 

3 li 0 

1029 

699 

0.05 

1308 

327 

1020 

691 * 

0.06 

D .07 

1259 

315 

1012 

689 


\(At)' 




0 

16.5 
108. 7 

261.3 


100.0 

ii58.5 

366.3 

13 .? 


Iil 6.2 - 186.2 

$ ho,U - 395 . li 

606.0 4i62.0 




0.00165 

0.00757 

0.0060li 

0.00023 

-0.00307 

- 0.00586 

-0.00762 



0.02613 

O.Chl62 

0.051i0li 

0.06060^ 

0 . 05951 i 


* (x ) = 0.061 ft 

n'max 


is based on the dynamic reaction colimin of the wall slab analysis 
(table 7*28). The dynamic reactions for a one-foot width of wall are 
multiplied by I8, the width of one frame bay. The portion of the curve 
after t = 0.025" sec is based on the net lateral overpressirre curve (fig. 
7. 73). Here the values of are obtained from i^i psi ly using 

Ts. _ l^^(l8)8. 16 = . 


F ^ P , = 21 . 2 P . kips 

n 1000 net net 

The dimension 8.16 is equal to one-half the front wall clear span plus the 
roof slab thickness + 0.79 = 8.16 ft. 
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i 



Time, t (sec) 

Figure 7.80. Frame design lateral load 

e. Nwerical Integration Computation to Determine Coliimn Adegmcy. 
The total vertical load in the second column is obtained by multiplyiiig 
the average roof overpress\ire (fig. 7*7^) by [5l-(l8)l^l/lOO*^ 1^*^ 

ing the dead weight of the roof system (159*3 kips). The values are 

cl V 
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the average axial column loads and are obtained by dividing the total ver- 
tical load by the number of columns, 4. The column is used as P 

in the formula of paragraph 7- 52b to obtain the value of (M^) . The value 
of (I^)n is used in turn to obtain the maximum resistance at Ly time from 
the relation 

(\)n - r ■■ 

is equal to kx^ = 10,000x^ in the elastic range. 


The basic equation for the numerical integration analysis In table 


7.31 is 


^ + 1 ' - 1 5.3) 


vhere 


X (Aty 
n' ' 


(F - R ) 
n n' 


(Atf = 


(f “ r } 

- g.65 ° (o.oif =o.i65(io-^Xr^-E^) ft 


The time interval At = 0.01 sec used in table 7.31 is based on the 
natural period, T^ = 23 T-^m/k = 6 . 28 -^ 6 . 05 / 10,000 = 0.1545 sec 

At = O.OK T^/lO = 0.01545 sec (par. 5 - 08 ) 

In table 7-31 the design is elastic because R < (R ) , i.e., 

n ' m'n^ ' 

606 < 689 * 

f . Shear and Bond Stress. 

^max = “TT = ^ 51.5 kips (table 7 - 31 ) 

For no shear reinforcement^ 

Allovahle = 0 . 04 f^ + 5000 p (eq. 4 * 24 ) 

= 0 . 04 ( 3000 ) + 5000 ( 0 . 0183 ) = 120 + 90 = 210 psi 

V = -§V = .. gte.pQO), - 395 psi 

Tbd 7 ( is) ( 24 . 32 ) ■ ^ ^ 

Shear reinforcement required for 395 - 210 = I 85 psi 

3 §3 column, ties, A = 6 ( 0 . ll) = 0.66 in.^ 

s 

^ "" 4 o ,000 " 0 * 00^2 


bf = 0*00^2 = 


7.95 in., use s = 8 in. 
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Eo = 32.0 in. 


u 


8(151.500) 

7(32.0K2ll-.32,) 


= 222 pel 


Allowable u = 0.15f^ = 0.15(3000) 
= 450 psi; OK 
g. Smamary. 

18 in. by 28 in. tied column 

A = A' = 8.0 in.^ 
s s 

3 ^3 ties at 8 in. 

Eo = 32.0 in. 


DESIGN DETAILS 


7-53 STRUCTURAL STEEL DETAILS. To illustrate the type of design details 
that might be necessary, typical details for purlin to girder, girder to 
column, and column to foundation coxmections axe presented. 

Purlin to Girder Connection. The heavy end reactions and moments 
make necessary both seat angles and web plates. The web plates stiffen 
the purlin web near the connection where the longitudinal stiffeners must 




Middle Column 
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Purlin to Girder Connection 







^ 7-53 


te cut. Die stiffeners on the girders are not shown. Ttie roof slab is 
held down by a steel spiral looped around the slab steeJ and welded to the 
purlin flange. 

Girder to Colijmn Connection. Die shear force in the column web 
reaches a large value in the region between the girder flanges, necessitat 
ing column web reinforcing plates. 


I 



Column to Foundation Connection. iSie base plate is shipped attached 
to the colimin to make possible a simple csonnection with reliable and easily 
inspected shop welds. 
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Section B-B 


Girder and 


9 


15 Stir. ate- 7- 


U- B 

3No.9X8'-0“+2 Hooks-^l 
3No.9^ 






12 " 




3N0.9 


'• Section C-C 
a 


ch«s 

irder 


Dowels 
3N0.9 Eo.Side 


Ion. Slob ^ 

Not Shown X 5-0 Long 


cc cols. 
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the outer column are shown butt- 
welded although dowels may be 
used. Dowels are shown else- 
where. The girder stirrups are 
bent to act as ties for bars in 
compression. 

Wall and Roof Slab Section. 
Corner dowels are placed to 
minimize any tendency to tear 
out of the concrete due to either 
inward or outward pressure. 

Shear reinforcement is arranged 
in a staggered pattern across 
the face of the wall. 


^Corner Dowels No.8ot IO"^;j"cover Top and Bottom 

^No.7 at 12" 

N0.3 at 12" 


Constr, Jt. 


No. 8 at 10' 
No. 8 at 10' 

No. 4 at (2 

5'-0" 



-4 No. 3 Stirrups ot 12" 

At IO"Along Well 
Alternating with 
3 No. 3 Stir. otlZ" 

At IO"A!ong Well 

Stagger Ad]. Groups os Shown 

SConstr. Jt. 

I^No. 8 at Sbowels 

Note: Wall Steel to hove Cover Inside 
2"Cover Outside 
Foundotion Steel Not Shown 
Roof Slob Shown ot Midspon 


Wall ond Roof Slob Section 
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